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SUMMARY 


This  study  was  conducted  to  compare  two  types  of  size  reduction 
equipment  for  the  processing  of  Navy  solid  waste.  The 
performances  of  a  40  ton  per  hour  (TPH) ,  low-speed,  high-torque 
rotary  shear  shredder  and  a  12  TPH,  high-speed,  vertical-shaft 
hammermill  were  measured  over  an  8-month  period  and  compared. 
Tests  were  conducted  at  the  Charleston  County,  SC,  Solid  Waste 
Reduction  Center  (SWRC).  Concurrently,  Navy  waste  from  the 
Charleston  Navax  Base  was  sampled  to  determine  what  material 
would  be  dif f icult-to-shred  or  unshreddable  in  each  shredder. 
Life-cycle  cost  analyses  were  calculated  for  each  shredder  to 
determine  the  most  cost-effective  size  reduction  technology  on  a 
net  present  value  cost-per-ton  basis.  Finally,  the  technical  and 
economic  data  developed  in  this  program  were  used  to  project  the 
net  present  value  cost-per-ton  of  shredding  Navy  waste. 

The  shear  shredder  processed  more  material  and  a  greater  variety 
of  material  at  higher  rates  with  higher  availability  than  the 
hammermill.  In  addition,  the  shear  shredder  had  lower  labor 
requirements  and  power  consumption  per  ton  of  municipal  solid 
waste  (MSW)  processed  as  well  as  a  longer  mean  time  between 
maintenance  actions.  On  the  other  hand,  the  hammermill  had  a 
longer  mean  time  between  failures,  a  higher  reliability,  a 
reduced  average  time  required  for  repair,  a  lower  repair  parts 
cost,  and  a  decreased  labor  hour  requirement  per  hour  of  shredder 
operation.  The  hammermill  also  produced  a  finer  discharge 
material  particle  size. 

The  life-cycle  cost  analyses  for  both  the  Charleston  SWRC  and  a 
Navy  50  ton  per  day  (TPD)  facility,  indicated  the  shear  shredder 
had  lower  calculated  net  present  value  costs  per  ton  than  the 
hammermill.  A  summary  of  the  results  from  this  program  are  shown 
in  Table  s-1.  Abbreviations  and  acronyms  used  in  this  report  are 
listed  in  Appendix  M. 
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Table  S-l 


SUM BR5f  OF  HESUIUS 


Parameter 

Shear 

Shredder 

Vertical-Shaft 

Haatmennill 

Quantity  Processed,  tons 

48,709 

11,820 

Daily  Ihrouc^iput,  tons 

Average 

295 

75 

Peak 

488 

150 

6-Month  Measured  Capacity,  TEH 

Shredding 

68.9 

16.7 

Shredding  and  Idle  Time 

39.3 

11.8 

Shift 

33.0 

8.0 

Daily  Beax  Capacity,  TEH 

Shredding 

114.3 

38.3 

Shredding  and  Idle  Time 

62.0 

32.9 

Discharge  Material  Parti  He  size,  inches 

Characteristic 

3.4 

2.5 

Nominal 

6.2 

5.6 

Ability  to  Process  Navy  Waste,  % 

99.75 

84.67 

5-Month  Power  Oansunpd.cn,  kwh/ ton 

3.0 

8.4 

Calculated  labor,  Man-hours/ton 

Operations 

0.0*52 

0.1327 

Maintenance 

0.0026 

0.0083 

Management/Other 

0,0032 

0.0129 

Repair 

0.0028 

0.0082 

Calculated  Repair  Rarcs  Cost,  $/ton 

$r.3i 

$0.  S3 

PAM  Analyses 

KTBF,  hours 

Reliability,  R 

422 

1,413 

0.98 

0.99 

IMR,  mn-^iours/hcur 

0.0736 

0.0694 

CMR,  nan-hcurs/lxiur 

0.1077 

0.0941 

Iff,  rren-bours/hour 

0.1813 

0.1635 

urm,  hours 

2.844 

2,891 

KTBA,  hours 

6.893 

7.436 

Availability,  A^ 

82.4% 

68.9% 

NEV  Life-Cycle  Cost,  $/ton 

Charleston  SWRC 

$1.72 

$2.31 

Navy  50  TED  Facility 

$1.76 

$1.97 

PROCESSING  INFORMATION 


Throughout  a  8 -month  period,  the  quantity  cf  material  processed 

by  a  Cedarapids  5096  low-speed,  high-torque,  rotary  shear 

shredder  and  two  Heil  42-F  high-speed,  vertical-shaft  hammermills 

were  recorded.  Ten  samples  of  discharge  material  from  each  of 

the  two  types  of  shredders  were  collected  and  analysed  for 
•  / 

particle  size  distribution.  During  six  months  of  the /8 -month 

period,  detailed  analyses  on  operations  records,  maintenance 

i*  records,  and  labor  were  recorded.  Electrical  power  consumption 

measurements  were  also  taken,  but  for  only  five  of  the 'six  months 

due  to  problems  with  the  recording  meters.  The  peridds  used  in 

this  study  were  varied  as  described  above  to  allow  the  most 

complete  data  to  be  included  in  this  report. 

Quantity  of  MSW  Processed  and  Processing  Rates 

Throughout  the  8-month  period,  the  shear  shredder  processed  four 
times  as  much  material  as  the  hammermill  at  over  four  times  the 
throughput  rate.  The  total  production  during  the  period  from 
January  through  August,  1984,  was  48,700  tons  for  the  shear 
shredder  and  11,800  tons  for  each  hammermill.  Daily,  average 
throughput  was  295  tons  and  75  tons,  respectively.  Maximum  daily 
quantities  processed  were  488  tons  versus  150  tons.  Averaging 
the  daily  production  quantities  over  a  nine  hour  shift,  produced 
throughput  rates  of  33  TPH  for  the  shear  shredder  and  8  TPH  for 
the  hammermill. 

When  the  periods  during  which  the  shredders  were  shut  off,  were 
#  subtracted  from  the  hours  of  the  shift,  the  calculated  average 

processing  rates  increased  to  39.3  TPH  and  11.8  TPH  for  the  shear 
and  hammermill  shredders.  If  the  operating  period  was  further 
refined  to  include  only  those  hours  the  equipment  was  activated 
and  actually  shredding  (as  opposed  to  idling),  there  were 
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substantially  higher  calculated  feedrate  capacities  of  68.9  TPH 
and  16.7  TPH.  In  general,  both  shredders  performed  within  the 
manufacturers'  ranges  of  35-60  TPH  for  the  shear  shredder  and  10- 
25  TPH  for  the  hammermill. 

The  highest  one-day  processing  rates  were  62.0  TPH  for  the  shear 
shredder  and  32.9  TPH  for  the  hammermill,  when  only  the  actual 
operating  hours  were  included  in  the  calculation.  Again,  if  the 
idle  times  for  each  shredder  were  not  included  in  the 
calculation,  the  peak,  daily  throughput  rates  were  114.3  TPH  for 
the  shear  shredder  and  38.3  for  the  hammermill. 

Discharge  Material  Characteristics 

The  particle  size  distribution  of  both  shredders'  discharged 
solid  waste  were  very  similar.  Ten  samples  of  shredded  material 
were  collected  from  each  shredder  for  analysis.  The  samples  were 
dried,  screened  through  a  12”,  8",  6",  4M,  2",  1”,  1/2",  1/4", 
and  1/8"  sieve  series  and  hand-separated  into  ten  compositional 
categories,  size  distributions  were  calculated  for  each  category 
in  the  solid  waste  and  for  the  total  sample.  The  characteristic 
particle  size  of  the  shear-shredded  MSW  was  3.4  inches  while  the 
nominal  particle  size  was  6.2  inches.  For  the  hammermill,  the 
characteristic  and  nominal  particle  sizes  were  2.5  inches  and  5.6 
inches,  respectively. 

Both  parameters  are  commonly  used  to  describe  particle  size 
distribution.  The  nominal  particle  si2e  denotes  the  size  at 
whic>  90  percent  of  the  material  is  finer  (10  percent  coarser), 
is  a  common  standard  employed  in  the  ore  comminution  industry, 
and  has  been  applied  often  in  the  solid  waste  industry.  The 
characteristic  particle  size  is  the  si2e  at  which  63.2  percent  of 
the  sample  is  finer  (36.8  percent  coarser)  and  is  related  to  the 
Rosin-Raamler  equation  to  particle  size  distributions  which  has 
shown  relatively  good  fit  with  shredded  refuse.  This  describes  a 
general  particle  size  for  a  sample. 
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Analysis  of  Navy  Waste 


The  shear  shredder  could  process  nearly  all  the  Navy  base  solid 
waste  which  was  delivered  to  the  Charleston  County  Solid  Waste 
Reduction  Center  (SWRC).  The  hammermlll  could  process  85  percent 
of  the  Navy  waste.  Ten  truck-loads  of  Navy  waste  were  hand- 
sorted  into  twenty-one  compositional  categories.  Material  in 
each  category  which  appeared  unacceptable  for  shredding  was 
identified,  isolated,  measured  and  weighed.  One-quarter  of  one 
weight  percent  of  the  Navy  solid  waste  was  considered  difficult- 
to-shred  or  unshreddable  in  the  shear  shredder.  Over  15  weight 
percent  of  the  same  waste  was  determined  to  be  unacceptable  for 
the  Heil  mill.  Problem  items  for  the  shear  shredder  were, 
normally,  larger  metal  objects.  The  hammermill  unshreddable  and 
diff icult-to-shred  materials  were  mainly  physically  large 
objects,  heavy  pieces  of  metal  or  ceramic,  metal  or  textile  cable 
and  strapping,  and  flammable  and  explosive  materials. 

OPERATIONS  AND  MAINTENANCE  EXPERIENCE 

During  the  analysis  period,  operations  and  maintenance  records 
were  recorded  for  each  shredder  to  develop  data  on  reliability, 
availability,  and  maintainability  (RAM)  and  information  to 
develop  life-cycle  cost  analyses.  Labor,  materials,  and 
utilities  required  by  each  shredder  were  monitored  and  reported. 
Production  quantities  were  used  to  calculate  the  measured 
parameters  on  a  cost-per-ton  basis. 

Electrical  Power  Consumption 

The  shear  shredder  required  less  than  one-half  the  electrical 
power  to  shred  each  ton  of  solid  waste.  The  kilowatt  hours 
requ* 'ad  for  shredding  were  recorded  daily  for  each  shredder. 
Power  consumption  data  were  not  available  for  the  entire  6-month 
period.  However,  plant  records  were  maintained  throughout  a  5- 
month  period.  Total  production  by  the  shredders  was  recorded  for 
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the  days  that  power  was  monitored.  Power  consumption  values  were 
determined  for  each  shredder,  both  by  averaging  the  daily 
results  and  by  calculating  &  weighted-average  for  the  period. 
The  shear  shredder  consumed  3.0  kilowatt-hours  per  ton  (kwh/ ton) 
and  the  hammermill  consumed  8.4  kwh/ton,  determined  for  the 
total  waste  processed  through  each  shredder  over  the  five  month 
period. 

Labor  and  Labor  Costs 

The  hammermill  required  less  labor  than  the  shear  shredder,  but 
the  shear  shredder  utilized  less  labor  per  ton  of  waste  processed 
than  the  hammermill.  The  labor  requirements  for  each  shredder 
were  recorded  under  operations,  routine  maintenance,  special 
maintenance/repairs,  and  management  categories.  During  a  twenty- 
four  week  period,  1,360  operations  man-hours,  99  routine 
maintenance  man-hours,  91  repair  man-hours  and  122  management 
man-hours  were  identified  for  the  shear  shredder.  During  the 
same  period  the  hammermill  required  1,235  operations  man-hours, 
77  routine  maintenance  man-hours,  66  repair  man-hours,  and  120 
management  man-hours.  Clearly,  the  labor  requirements  for  the 
hammermill  were  less  in  all  the  categories. 

However,  during  the  period  in  which  labor  was  monitored,  the 
shear  shredder  processed  four  times  the  amount  of  MSW  as  did  the 
hammermill.  Thus,  the  labor  per  ton  of  waste  processed  was  much 
less  for  the  shear  shredder.  Specific  labor  requirements  of  the 
shear-shredding  operation  were  0.0352,  0.0026,  0.0028,  and  0.0032 
man-hours  per  ton  of  waste  processed  for  operations,  routine 
maintenance,  repair,  and  management  categories.  Presented  in  the 
same  order,  the  calculated  values  for  the  hammermill  were  0.1327, 
0.0083,  0.0082,  and  0.0129  man-hours/ton.  In  all  cases  the 
shear  shredder  was  less. 
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Repairs 


The  shear  shredder  required  more  repairs  during  the  period  of 
observation.  More  actual  repair  hours  were  needed  and  higher 
reoair  parts  costs  were  observed  for  the  shear  shredder. 
Averaged  over  the  production  quantities,  the  hours  required  for 
repairs  per  ton  of  waste  processed  were  lower  for  the  shear 
shredder  than  those  for  the  hammermill.  However,  even  when 
repair  part  costs  were  averaged  over  the  production  quantities, 
the  shear  shredder  repair  parts  cost  per  ton  of  waste  processed 
remained  significantly  higher  than  that  for  the  hammermill. 

During  a  six  month  period  beginning  in  January,  1984,  a  total  of 
$49,540  and  forty  hours  of  downtime  were  required  to  keep  the 
shear  shredder  under  repair.  The  hammermill  needed  only  $5,000 
and  24  hours  of  downtime  during  the  same  period  to  maintain 
proper  operations.  Production  quantities  during  those  months 
were  over  32,000  tons  for  the  shear  shredder  and  8,000  tons  for 
the  hammermill.  The  required  hours  of  repair  per  ton  processed, 
were  two  and  one-half  times  lower  for  the  shear  shredder,  0.0012, 
compared  to  0.0030.  On  the  other  hand,  averaged  over  the 
production  quantities,  parts  costs  were  much  higher  for  the 
shear  shredder,  $1. 51/ton  versus  $0. 63/ton  for  the  hammermill. 
Some  of  the  repairs  for  the  shear  shredder  were  one-time 
manufacturer  upgrading  procedures  for  which  the  manufacturer 
absorbed  the  cost.  The  labor-hours  and  costs  associated  with 
those  repairs  were  neither  reported  nor  included  in  these 
analyses. 

RAM  Analysis 

Reliability,  availability  and  maintainability  data  were 
calculated  over  a  six  month  period  and,  generally,  favored  the 
hammermill  shredder.  Many  of  the  RAM  parameters  are  calculated 
using  a  unit  hour  of  operating  time  as  the  basis  for  comparison. 
The  number  of  failures,  number  of  repairs,  labor  requirements, 


and  total  analysis  period  time,  were  compared  to  the  operating 
time  for  each  shredder.  Values  for  the  number  of  operating  hours 
between  events  or  the  requirement  of  a  specific  parameter 
averaged  per  unit  hour  of  operation  were  calculated.  In 
addition,  some  RAM  labor  parameters  were  calculated  on  a  unit  ton 
of  production  basis.  Those  data  favored  the  shear  shredder,  but 
were  not  included  in  the  summary  of  Table  S-l  because  other 
calculated  labor  data  were  available  for  a  longer,  seven  month 
period. 

Consumables  appear  to  be  better  defined  on  a  per-ton  basis  since 
they  are  usually  dependent  on  production  quantities.  Labor  is 
more  difficult  to  appraise.  Normally,  one  would  consider  labor 
hours  on  a  per-hour  basis  which  is  especially  helpful  if  labor  is 
a  fixed  cost  at  a  shredding  station  regardless  of  production. 
However,  in  comparing  two  operations  when  labor  hours  are 
specifically  allocated  between  the  operations,  it  appears 
reasonable  to  calculate  labor  on  the  basis  of  the  cost  per  ton 
produced.  For  shredding  solid  waste,  officials  normally  try  to 
equate  costs  on  a  per-ton  basis. 

The  calculated  reliabilities  of  the  shredders  were  similar  at 
0.99  for  the  hammermill  and  0.98  for  the  shear  shredder. 
However,  the  Mean  Time  Between  Failures  (MTBF)  was  1413  hours  for 
the  hammermill  and  only  422  for  the  shear  shredder. 

Maintainability  parameters  which  utilized  labor  hours,  favored 
the  hammermill  shredder.  Those  which  addressed  the  total  time  to 
repair  and  the  time  period  between  maintenance  actions,  favored 
the  shear  shredder.  The  Preventive  Maintenance  Ratio  (PMR), 
Corrective  Maintenance  Ratio  (CHR)  and  Maintainability  Index  (MI) 
all  favored  the  hammermill  shredder.  Values  for  those 
parameters,  listed  first  for  the  hammermill  and  second  for  the 
shear  shredder  were:  PMR  (0.0694  and  0.0736),  CMU  (0.0941  and 
0.1077)  and  MI  (0.1635  and  0.1813).  The  numbers  are  expressed  in 
units  of  man-hours  per  operating  hours. 
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The  Mean  Time  to  Repair  (MTTR)  favored  the  hammermill  shredder 
while  the  Mean  Time  Between  Maintenance  Actions  (MTBMA)  favored 
the  shear  shredder.  Thus,  the  shear  shredder  required  longer 
periods  to  repair  its  breakdowns,  but  ran  for  longer  periods 
without  requiring  maintenance.  MTTR  for  the  shear  shredder  was 
1.77  hours;  the  hammermill  was  less  at  1.04  hours.  MTBMA  was 
8.89  hours  and  7.44  hours  for  the  shear  shredder  and  hammermill, 

m 

respectively. 

'■*'  Equipment  availability  calculations  favored  the  shear  shredder  if 

Navy  guidelines  are  strictly  followed.  The  guidelines  indicate 
the  total  operating  hours  of  the  shredder  were  to  be  compared  to 
the  total  time  of  the  shift.  Then,  the  calculated  availabilities 
were  0.82  for  the  shear  shredder  and  0.69  for  the  hammermill. 
However,  much  of  the  time  when  the  hammermill  was  not  being 
operated,  it  could  have  been  operated.  When  those  "no-fault" 
hours  were  included  in  the  analyses  for  both  shredders,  the 
hammermill  had  slightly  higher  availability,  0.93  compared  to 
0.92  for  the  shear  shredder. 

Safety  Cons iderat ions 

A  study  on  safety  must  be  conducted  over  large  production 
quantities  in  order  to  have  a  reasonable  probability  for  an 
explosion  of  either  minor  or  major  impact  to  occur.  Processing 
during  this  study  fell  below  the  thresholds  typically  expected 
for  hammermill  explosions;  50,000  tons  for  a  minor  explosion  and 
150,000  tons  for  a  major  explosion.  Nonetheless,  during  the 
analysis  period  the  Charleston  County  records  for  the  hammermills 

*  listed  an  explosion  occurred  on  February  23  and  a  fire  was  caused 

on  July  13.  No  events  of  explosion  or  fire  occurred  in  the  shear 
shredder  during  this  study.  This  is  believed  to  be  caused  by  the 
low-speed  shredding  action  of  the  shear  shredder  cutters.  Fires 
have  been  reported  in  a  New  York  State  Energy  Research  and 
Development  Authority  (NYSERDA)  study  on  shear  shredders 
performed  in  Elmira,  NY.  Explosions  have  never  been  reported 


during  the  shear-shredding  of  municipal  solid  waste  (MSW).  Due 
to  these  preliminary  findings,  it  is  believed  there  may  be 
inherent  safety  advantages  associated  with  the  slow- speed  shear 
shredders  as  compared  to  the  high-speed  hammermill  shredders. 

LIFE-CYCLE  COST  ANALYSIS 

The  present  value  cost  per  ton  of  waste  shredded  for  a  20-year 
life-cycle  was  calculated  utilizing  the  information  developed  in 
this  program  for  the  Charleston  County  SWRC  shredders.  The  cost 
per  ton  of  shear-shredding  was  less  than  that  for  hammermill 
shredding.  Calculations  were  made  employing  two  scenarios.  In 
the  first  scenario,  the  entire  facility  capital  cost  including 
the  shredder  was  considered  a  sunk  cost.  In  the  second  scenario, 
the  capital  cost  of  the  facility  was  included.  The  former 
approach  was  preferred  for  the  Charleston  facility,  because  it 
more  accurately  portrayed  the  real  situation  at  the  SWRC  where 
everything  wan  already  on  site.  The  hammermill  was  installed  at 
the  time  of  facility  construction  while  the  shear  shredder  was 
retrofit  prior  to  initiation  of  this  program.  By  excluding  the 
capital  costs,  a  more  valid  comparison  of  the  cost  to  operate  and 
maintain  each  shredder  was  produced.  The  latter  approach  was 
preferred  for  the  Navy  case,  based  on  the  assumption  the  entire 
shredding  facility  would  have  to  be  built.  Then,  differences  in 
the  construction  and  installation  costs  for  each  shredder  as  well 
as  the  shredder  price  would  be  reflected  in  the  overall  cost.  In 
all  analyses,  a  5-day/week  and  50-week/year  were  assumed  for  the 
shredding  facility  to  produce  250-days/year  of  operations. 
Neither  case  represented  a  retrofit  installation  into  an  existing 
building,  whereby  the  cost  of  the  new  shredder  and  a  salvage 
value  of  the  old  shredder  would  be  included. 

In  Charleston  County,  all  the  shredded  MSW  is  landfilled. 
The  driving  forces  for  shredding  prior  to  landfilling  are  the 
reduced  costs  resulting  from  a  decrease  in  the  cover  material 
needed  and  extension  of  the  landfill  life  caused  by  the  reduced 


volume  needed  for  the  higher  bulk  density,  shredded  MSW.  A 
differential  cost  of  $1. 00/ton  was  assumed  as  the  benefit  for 
landfilling  shredded  waste. 

Although  the  total  life  cycle  cost  associated  with  hammermill- 
shredding  was  less  than  that  for  the  shear-shredding  operation, 
the  quantity  of  material  processed  by  the  shear  shredder  was  four 
times  that  of  the  hammermill,  resulting  in  a  cost-per-ton  for  the 
shear-shredding  operation  that  was  less  expensive.  Calculated 
life-cycle  costs,  excluding  the  capital  facility,  were  $1.60/ton 
for  the  shear  shredder  and  $2. 46/ton  for  the  hammermill.  When 
the  facility  costs  were  included,  both  types  of  shredder 
operations  increased  in  cost.  The  least  expensive,  again,  was 
the  shear  shredder  at  $2. 34/ton  compared  to  $4. 62/ton  for  the 
hammermill.  The  quantities  of  MSW  processed  over  the  twenty  year 
period  were  1,426,420  tons  and  361,040  tons  for  the  shear 
shredder  and  the  hammermill  shredder,  or  approximately  71,320 
tons  per  year  and  18,050  tons  per  year,  respectively. 

PROJECTED  LIFE-CYCLE  COST  ANALYSIS 


All  the  work  in  this  contract  was  conducted  to  obtr in  enough  data 
to  project  the  present  value,  life-cycle  cost  of  a  Navy  50  ton 
per  day  (TFD)  shredding  facility.  Although  most  of  the  results 
on  a  per  unit  ton  processed  basis  appeared  to  favor  the  shear 
shredder,  an  analysis  was  done  on  both  the  shear  shredder  and  the 
hammermill  shredder  in  light  of  the  fact  the  low,  50  TPD 
processing  requirement  for  the  Navy  facility  better  matched  the 
average  throughput  capacity  of  the  hammermill  shredder.  In  spite 
of  that  fact,  the  results  of  this  projection  showed  the  shear 
shredder  to  be  the  lower-cost  alternative. 

For  this  analysis,  it  was  preferred  to  include  the  facility 
capital  cost.  Generally,  it  was  believed  a  Navy  shredding 
station  would  be  a  new  facility.  The  shredding  station  was 
viewed  as  the  front-end  processing  for  an  existing  heat  recovery 


facility.  Thus  the  coarse-shredded  refuse  derived  fuel  (RDF) 
produced  by  each  shredder  was  assigned  a  value  of  $5. 00/ton. 
Also,  in  this  analysis,  the  disposal  costs  for  unshredded 
materials  was  considered  to  be  the  actual  Charleston  County  rate 
of  $8. 60/ton  rather  than  a  differential  cost  ($1. 00/ton  benefit 
for  landfilling  shredded  MSW  as  opposed  to  unshredded  MSW)  used 
in  the  Charleston  SWRC  analysis.  It  was  assumed  that  all 
shredded  material  was  used  as  a  fuel.  Thus,  if  a  $5. 00/ton 
revenue  was  applied  to  the  shredded  material,  then  the  $1. 00/ton 
benefit  could  not  be. 

In  this  analysis  the  total  annual  production  through  each 
shredder  was  approximately  12,500  tons.  However,  since  both 
shredders  could  process  at  higher  rates  than  50  TPD,  the 
shredders  were  assumed  to  operate  for  less  hours  during  each  day 
at  average  processing  rates.  This  was  a  better  alternative  than 
processing  the  full  shift  at  lower  than  optimum  rates.  Had  that 
approach  been  taken,  the  fixed  costs  per  hour,  such  as 
operating  labor  would  have  increased  on  a  cost  per  ton  basis. 

This  resulted  in  a  substantial  cost  savings  for  the  shear 
shredder  and  produced  a  net  present  value  cost  for  size  reduction 
of  $0.44  per  ton  excluding  the  facility  capital  cost.  With  the 
same  assumptions,  the  calculated  net  present  value  cost  per  ton 
for  the  hammermill  shredding  was  $1.12.  However,  if  the 
facility  were  not  already  in  existence  and  the  capital  outlay 
were  required  which  is  the  expected  case  for  the  Navy,  the  costs 
of  shredding  would  be  increased  to  $4. 27/ton  for  the  shear 
shredding  operation  and  $4. 3 6/ton  for  the  hammermill  operation. 
In  this  scenario,  the  facility  capital  cost  dominates  the  life 
cycle  net  present  value  costs  due  to  the  low  tonnages  processed 
by  each  shredder. 
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CONCLUSION 


The  shear  shredder  has  only  recently  been  applied  to  the  size 
reduction  of  municipal  solid  waste.  This  study  was  one  of  the 
first  to  monitor  the  performance  of  a  shear  shredder  on  MSW. 
Data  correlated  well  with  short-term  testing  conducted  by  the  New 
York  State  Energy  Research  and  Development  Authority  in  Chemung 
County,  NY. 


Throughout  this  study  the  shear  shredder  appeared  to  offer  a  more 
economical  operation  compared  to  the  hammermill  for  shredding 
Navy  waste.  Parts  costs  for  the  shear  shredder  were  higher,  but 
labor  and  electrical  costs  per  unit  ton  processed  were  low  enough 
to  offset  the  high  parts  costs.  Many  parameters  in  this  study 
were  sensitive  to  the  quantity  of  materi? 1  processed.  For 
example,  operations'  labor  requirements  were  nearly  identical  for 
the  two  mills,  but  the  higher  throughput  capacity  of  the  shear 
shredder  resulted  in  a  much  lower  calculate!  man-hour  per  ton 
ratio  than  for  the  hammermill.  The  measured  shear  shredder 
processing  rate  and  total  production  was  a  factor  of  four  higher 
than  that  of  the  hammermill. 

For  cost  analyses  which  used  the  high  level  of  production  of  the 
shear  shredder,  it  was  expected  the  cost  per  ton  of  shear- 
shredding  would  be  less  than  that  for  hammermil 1-shredding. 
Nonetheless,  the  shear  shredder  also  appeared  to  have  a  lower 
projected  cost  per  ton  at  the  lower,  50  TPD  Navy  facility  that 
was  modeled.  In  the  50  TPD  Navy  facility  case,  the  shear 
shredder  was  assumed  to  be  operated  for  only  a  small  portion  of 
the  day  to  fully  service  the  facility.  This  had  the  effect  of 
reducing  the  operations  and  maintenance  costs. 


If  the  Navy  were  to  consider  a  shredding  facility  to  process 
solid  waste  prior  to  combustion,  it  should  consider  the  shear 
shredder  as  a  viable  alternative  to  hammermill  shredding.  The 
shear  shredder  has  been  shown  to  accept  a  wider  range  of  infeed 
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materials  and  produce  a  discharge  material  particle  size 
comparable  to  the  vertical-shaft  hammermill  shredder,  at  a 
lower  projected  life-cycle  cost  per  ton  processed. 
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Section  1 


INTRODUCTION 


BACKGROUND 

The  Navy  has  been  working  on  projects  in  Refuse-Derived  Fuel 
(RDF)  process  evaluation  for  co-firing  and  for  preprocessing  of 
waste  prior  to  incineration  in  a  Heat  Recovery  Incinerator  (HRI). 
Typical  commercial  solid  waste  processing  facilities  include 
shredding  for  size  reduction  and  homogenization  of  the  waste. 
Information  gathered  in  this  study  on  two  full-scale,  commercial 
size  reduction  equipment  at  the  Charleston  County  Solid  Waste 
Reduction  Center  (SWRC)  in  Charleston,  SC,  was  used  to  identify 
the  most  operable  and  cost-effective  concept  for  size  reduction 
in  RDF  preparation  for  the  Navy. 

The  SWRC  has  two  types  of  primary  shredders;  one  Cedarapids  5096 
low-speed,  high-torque  shear  shredder  and  two  Heil  42-F  vertical 
shaft,  high-speed  hammermills.  The  shear  shredder  has  a 
dedicated  feed  conveyor,  discharge  conveyor,  and  compactor.  The 
hammermills  have  individual  feed  conveyors,  but  share  a  discharge 
conveyor  and  compactor.  Comparative  data  would  be  developed  for 
each  type  of  shredder  and  be  used  to  develop  life-cycle  cost  data 
for  a  50  TPD  Navy  waste  size  reduction  operation.  This  was 
accomplished  by  following  a  four  element  plan  as  presented  in  the 
next  section. 

OBJECTIVES 

The  program  objectives  were  divided  into  four  areas:  (1) 
characterize  Navy  waste  processed  at  the  SWRC;  (2)  obtain 
operations,  maintenance,  and  RAM  (reliability,  availability  and 
maintainability)  data  on  the  shear  shredder  and  the  hammermill 
shredder  at  the  SWRC  and  compare  their  performances;  (3) 
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determine  the  life-cycle  cost  of  size  reduction  at  the  measured 
throughput  rate  for  both  equipment  at  the  SWRC?  and  (4)  project 
the  life-cycle  cost  of  size  reduction  for  a  50  ton/day  (TPD) 
facility,  using  the  most  cost  effective  equipment  concept.  The 
objectives  were  met  by  following  the  Scope  of  Work  as  detailed 
below. 

SCOPE  OF  WORK 

The  scope  of  work  used  to  achieve  the  four  objectives  given  above 
is  given  for  each  task  item. 

Task  1:  Characterization  of  Waste 

Navy  waste  delivered  to  the  SWRC  was  characterized  over  a  26-week 
period.  On  a  randomly  selected  day  of  the  week,  one  truck-load 
of  Navy  waste  delivered  to  the  SWRC  was  selected  at  random.  The 
truck  was  weighed,  emptied  at  a  cleaned  location  on  the  tipping 
floor,  and  reweighed  to  determine  the  quantity  of  waste.  The 
discharged  waste  was  hand-sorted  by  separating  the  waste  into 
specific  categories.  The  categories  were:  paper?  plastic  — 
light,  heavy,  and  other;  rubber  —  tires  and  other;  cardboard; 
textiles?  wood  —  pallets  and  other?  miscellaneous  organics? 
glass?  inerts  and  ceramics?  ferrous  —  cable/strapping  and  other; 
nonferrous  --  cable  and  other;  and  other  and  special  wastes  — 
aerosol  cans,  paint,  solvents,  oil,  and  insulation. 

From  those  categories  were  identified  those  wastes  which  could 
not  be  processed  in  each  shredder.  All  but  one  of  the  categories 
of  waste  were  weighed  with  the  nonbulky,  major  component 
calculated  by  difference.  This  process  was  repeated  nine  times 
throughout  the  26-weeks.  Based  upon  the  10  data  points  for  the 
Navy  waste,  the  average  Navy  waste  composition  was  calculated  as 
percentages  of  the  total. 
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Task  2:  Performance  Evaluation 


Over  a  36-week  period  the  following  data  was  determined  for  the 
shear  shredder  and  for  the  hammermill  shredder: 

o  Size  distribution  of  reduced  waste  by  sieve  analyses, 
utilizing  12",  8",  6",  4",  2",  1",  1/2”,  1/4",  and  1/8" 
screens,  averaged  over  ten  samples  taken  over  a  36-week 
period, 

o  power  consumption  averaged  over  a  2 2 -week  period 
calculated  on  a  daily  basis  in  units  of  kwh/ton 
processed, 

o  operating  man-hours  andman-hours/ton  of  waste 
processed,  averaged  over  a  26-week  period, 

o  optimum  processing  capacity,  averaged  over  the 
operating  hours  for  each  day  during  the  36-week  period, 
in  units  of  tons/hour, 

o  repair  man-hours  and  man-hours  per  ton  ofwaste 
processed  averaged  over  the  26-week  period, 

o  cost  of  parts  used  per  ton  of  waste  processed  averaged 
over  the  26-week  period  and  reported  in  $/ton, 

o  downtime  for  repairs,  totaled  over  the  26-week  period 
and  reported  ir.  units  of  hours, 

o  idle  time  when  the  equipment  was  operational,  totaled 
over  the  26-week  period  and  reported  in  hours,  and 

o  idle  time  when  the  equipment  was  not  operational, 
totaled  over  the  26-week  period  ana  reported  in  hours. 


The  performance  of  the  shear  shredder  was  to  be  compared  to  that 
of  the  hammermill  at  the  SWRC  and  to  data  previously  obtained  by 
the  contractor  on  similar  types  of  size-reduction  equipment.  The 
data  was  also  to  be  used  to  describe  the  quality  of  the  size- 
reduced  product  as  determined  by  the  contractor  in  previous  tests 
conducted  outside  the  scope  of  this  work.  The  quality  was  to  be 
assessed  as  the  potential  yield  and  ash  content  of  RDF  produced 
from  the  shredded  SWRC  solid  waste  after  subsequent  air 
classification  or  trommeiling  operations.  Finally,  the 
reliability,  availability,  and  maintainability  (RAM)  of  the  shear 
shredder  and  the  hammermill  were  to  be  determined  over  a  6-month 
period  utilizing  Navy  procedures  (1) . 


Task  3:  Life-Cycle  Cost 


The  life  cycle  costs  of  the  shear  shredder  and  the  hammermill 
shredder  were  to  be  determined  at  the  measured  throughput  rate  of 
the  SWRC,  utilizing  the  Navy  procedures  specified  (2).  Results 
were  to  be  reported  in  units  of  $/ton. 


Task  4:  Projected  Life-Cycle  Cost 


Based  upon  data  developed  in  this  program  and  previous 
experience  by  the  contractor,  the  projected  life-cycle  cost  of 
size  reduction  for  Navy  waste  was  to  be  determined  using  the 
most  cost-effective  equipment  concept.  The  design  criteria  was 
for  a  50  TPD  facility  and  the  results  to  be  reported  in  units  of 
$/ton. 


In  summary,  the  four  task  approach  was  designed  to  project  the 
life-cycle  cost  of  size  reduction  of  Navy  waste.  This  was 
accomplished  by,  first,  characterizing  the  Navy  waste  for 
composition  and  the  ability  to  shred  the  waste  in  the  shear 
shredder  and  the  vertical -shaft  hammermill  at  the  SWRC.  Second, 
the  two  shredders  were  evaluated  for  measured  performance  during 
operations  of  the  SWRC  to  determine  operations  and  maintenance 


data.  Third,  calculated  life-cycle  costs  for  the  shredders  at 
the  SWRC  were  made,  based  upon  the  shredder  performance  data. 
Fourth,  and  finally,  the  life-cycle  cost  analysis  was  adjusted 
to  accommodate  the  Navy  waste  composition  to  develop  the  cost 
for  processing  the  Navy  waste. 

A  brief  description  of  each  of  the  shredders  is  given  in  the  next 
section  to  help  readers  understand  the  reasons  the  performance 
between  the  two  shredders  will  vary. 

SHREDDERS  UTILIZED 

Two  types  of  commercial-scale  shredders  were  utilized  in  this 
program.  The  first,  was  a  Cedarapids  5096  low-speed,  high- 
torque,  rotary  shear  shredder.  The  second,  was  a  Heil  42-F  high¬ 
speed,  vertical  shaft  hammermill.  When  the  SWRC  went  on-line  on 
July  1,  1974,  it  utilized  three  Heil  shredders  (2)*  One  was  a 
Heil  9 2 -A  (500-hp,  40  TPH)  and  two  were  Heil  42-F's  (250-hp,  20 
TPH) .  In  the  afternoon  of  October  2,  1981,  an  explosion  occurred 
in  the  Heil  92-A.  It  was  recommended,  and  Charleston  County 
proceeded,  to  install  a  shear  shredder  as  a  replacement  for  the 
larger  hammermill.  In  addition,  the  SWRC  would  continue  to 
utilize  its  two,  smaller  Heil  42-F  hammermills.  An  overall, 
general  arrangement  view  of  the  three  shredders  in  the  SWRC  is 
shown  in  Figure  1-1.  A  comparison  of  the  shredders  utilised  is 
shown  in  Table  1-1. 

Cedarapids  5096  Shear  Shredder 

The  Cedarapids  5096  shredder  (Figures  1-2  and  1-3)  is  a  low- 
speed,  high-torque,  rotary  shear  shredder.  It  weighs  40,000 
pounds  and  can  be  installed  on  a  simple  steel  beam  support 
structure.  The  shredder  has  a  working  area  of  96  inches  long  and 
50  inches  wide  by  26  inches  deep.  In  this  area,  are  two 
parallel,  counter-rotating,  keyed  shafts  driven  by  externally 
mounted  hydraulic  motors.  Cutters  are  installed  on  each  shaft  to 
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Figure  1-1.  Overall  general  arrangement  view  of  the  three 
.  shredders  at  the  Charleston  County  SWRC.  To 

the  left,  are  the  infeed  conveyors  to  two  Heil 
42-F  vertical-shaft  hammcrmills.  To  the  right, 
is  the  infeed  conveyor  to  the  Ccdarapids  5096 
Shear  Shredder. 


Table  1-1 


COMPARISON  OF  SHREDDERS  UTILIZED 


Cedarapids  5096 

Heil  42-F 

Overall  Dimensions, 

1  x  w  x  h  (inches) 

175  x  74  x  52 

133  x  124  X  118 

Infeed  Opening 
(inches) 

50  X  96 

36  X  66 

Weight  (pounds) 

40,000 

31,400 

Shafts 

2  -  horizontal 

1  -  vertical 

Motor  Horsepower 

2  X  200 

1  x  250 

Drive 

Hydraulic 

V-Belt  &  Sheave 

Shaft  RPM 

1-33 

1-43 

1200  nominally, 
both  clockwise 
&  counter 

Cutters/Hanuners 

Weight  (pounds) 

24  cutters 

400,  approximately 

38  hammers 
14.25 

Tip  to  Tip  Distance 
(inches) 

26 

from  27  to  42 
depending  on 
location 

Procedure  for 

Dif  f icul t-to-Shred 

Reverse,  or  jam 
&  remove  manually 

Reject,  or  jam 
&  remove  manually 

Rated  Capacity  (TPH) 

35  -  60 

10  -  25 

Figure  1-2.  Cedarapids  5096  Shear  Shredder.  Shredder  is 

installed  on  a  structural  steel  platform.  Working 
part  of  shredder  is  between  platform  floor  and 
lower  railing,  between  people.  Hydraulic  motors 
arc  seen  to  right  of  column  between  railings. 
Upper  part  of  figure  is  feed  chute  and  hopper. 
On  floor  in  front  of  shredder  is  power  pack, 
including  electric  motors,  hydraulic  pumps, 
and  oil  cooling  radiators. 
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Figure  1-3.  Interior  view  of  Cedarapids  5096  shear 
shredder  showing  4-inch  cutters. 
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shred  the  refuse.  Each  cutter  has  the  appearance  of  a  disc,  26.5 
inches  in  diameter,  with  raised  "teeth"  in  the  radial  direction. 
The  centerline  to  centerline  distance  between  the  shafts  is 
approximately  20  inches  such  that  cutters  from  one  shaft  overlap 
those  of  the  other  shaft.  Cutters  are  alternately  installed  on 
the  two  shafts  with  smaller  diameter  spacers  such  that  a  cutter 
on  one  shaft  is  opposed  by  a  spacer  on  the  second  shaft.  The 
spacers  keep  the  cutters  in  line  and  help  control  discharge- 
material  particle  size.  The  thickness  of  the  cutters  and  spacers 
controls  the  particle  size  in  a  direction  parallel  to  the  shafts. 
In  the  direction  perpendicular  to  the  shafts,  the  openings 
through  which  solid  waste  is  shredded  vary  between  a  maximum  of 
approximately  3.5  inches,  just  before  the  cutter  tooth  has  passed 
the  spacer,  and  a  minimum  of  1/2  inch  when  the  cutter  tooth  is  at 
the  spacer. 

A  separate,  skid-mounted  power  pack  weighing  10,000  pounds  drives 
the  hydraulic  motors.  Each  hydraulic  motor  is  individually 
driven  by  a  hydraulic  pump,  powered  by  a  240  v  -  30  -  60  cycle, 
200-horsepower  electric  motor.  An  electric  panel  on  the  end  of 
the  skid  houses  the  shredder  control,  including  switches  for 
activation  of  the  power,  step-start  motor  windings,  hydraulic 
pump  control,  local  control  switches,  and  safety  interlocks. 

One  shaft  of  the  shredder  operates  at  a  lower  speed,  about  33 
rpm,  while  the  other  operates  at  about  43  rpm.  Although  the 
shaft  speeds  can  be  adjusted,  they  are  controlled  by  a  single 
potentiometer  and  maintained  at  a  constant  ratio.  The  difference 
in  rotation  speed  helps  produce  more  uniform  wear  on  the  cutters 
by  constantly  varying  the  circumferential  surface  on  which 
material  is  broken.  Solid  waste  is  pulled  through  and  cut  in  the 
area  between  the  shafts  by  the  cutter  teeth.  If  an  item  is 
difficult  to  shred,  the  hydraulic  pressure  rises  to  cut  the 
material.  High  pressure  is  maintained  as  the  shafts  start  to 
slow  down.  A  speed  sensor  is  installed  on  each  shaft,  when 
either  speed  sensor  reaches  a  preset  lower  limit,  a  relay  is 
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activated  which  causes  the  hydraulic  system-flow  to  automatically 
reverse.  The  shafts  reverse  rotation  and  lift  the  material  free. 
Metal  cleaning  fingers  are  fixed  to  the  side  wall  and  extend 
above  and  below  the  spacers  (between  the  cutters)  to  help  free 
material  such  as  metal  which  can  be  compressed  between  the 
cutters.  After  a  timed  delay,  the  hydraulic  flow  reverses  to  the 
normal  direction  and  shredding  resumes. 

Cutters  are  manufactured  in  four  orientations:  with  the  cutter 
tips  at  0°,  45°,  50°,  and  135°  from  the  keyways.  The  cutter 
width  tested  in  this  program  was  4-inches.  Cutters  are  also 
available  in  2-inch  widths  which  can  be  stacked  to  form  any  width 
which  is  a  multiple  of  2-inches. 

Manufacturer's  data  on  the  Cedarapids  5096  Shear  Shredder  is 
included  in  Appendix  A. 

Heil  42-F  Hammermill  Shredder 

The  Heil  42-F  shredder  is  a  high-speed,  vertical -shaft 
hammermill,  Figure  1-4.  It  weighs  approximately  25,000  pounds 
(15,700  without  hoods,  motors  and  other  peripherals)  and  requires 
reduced  foundation  requirements  compared  to  a  horizontal -shaft 
hammermill.  The  shredder  has  a  working  chamber  that  is  74-inches 
long,  conical  in  shape  at  the  top,  and  cylindrical  in  shape  at 
the  bottom.  In  this  area  is  a  rotor  assembly  of  stacked  motor 
hubs  and  discs  to  permit  fourteen  layers  of  hammers  with 
provisions  for  a  wide  variety  of  hammer  patterns.  A  total  of  38 
hammers  are  usually  used  for  primary  shredding  of  municipal  solid 
waste.  Hammers  are  relatively  thin  and  flat,  each  weighing  about 
14  pounds.  Figure  1-5  shows  an  interior  view  of  a  Heil  92-B 
vertical  shaft  hammermill.  The  Heil  S2-B  is  much  larger  than  the 
Heil  42-F  (cavity,  horsepower,  hammers)  having  a  capacity  of  60- 
100  TPH  but  operates  under  the  same  principle. 


Figure  14.  Overall  view  of  the  Hcil  42-F  vertical 
shaft  hanuucrmiil. 


There  are  no  grates  in  the  Heil  shredder.  Size  reduction  is 
accomplished  by  impact  of  the  hammers  and  grinding  between  the 
hammers  and  the  shredder  wall  or  between  the  hammers  and  breaker 
bars.  The  entire  shredder  housing  is  protected  with  replaceable 
liners.  In  the  conical,  prebreak  section,  shredding  is  mainly  by 
hammer  impact.  As  the  housing  diameter  is  reduced,  greater  size 
reduction  takes  place  until  the  neck  section  is  reached.  This  is 
a  location  in  the  shredder,  between  the  conical  and  the 
cylindrical  sections,  where  the  inner  diameter  of  the  housing  is 
its  smallest.  Material  which  cannot  easily  be  ground  to  a  size 
to  fie  through  the  neck  can  be  rejected  through  a  ballistic 
ejection  chute  at  the  top  of  the  shredder. 

Material  which  passes  through  the  neck  section  enters  the  third- 
stage  of  grinding  where  material  is  battered  by  the  hammers 
against  breaker  bars.  The  final  shredded  product  is  discharged 
horizontally  through  a  chute,  which  can  be  located  at  twelve 
locations  relative  to  the  infeed  chut*?.,  each  location  30°  from 
one  another.  Particle  size  is  controlled  by  the  number,  pattern, 
and  shape  of  the  hammers.  .  . 

The  shredder  shaft  is  designed  for  dual  direction  rotation  to 
allow  more  even  wear  before  replacement  of  hammers.  Only  certain 
hammer  locations  experience  heavy  wean  Usually  partially  worn 
hammers  from  above  the  neck  are  moved  to  higher  tiers  where  the 
wear  environment  is  less,  minimizing  the  total  number  of  hammers 
to  be  replaced  during  each  maintenance  action. 

The  shredder  is  powered  by  a  250  hp,  30  -  60  cycle,  460  volt, 
vertical  shaft  induction  motor,  through  a  multiple  v-belt  and 
sheave  drive.  The  motor  direction  is  manually  reversed  and  is 
protected  by  three  normally  closed  heat  sensors. 

Manufacturer's  data  on  the  Heil  42-F  hammermill  is  presented  in 
Appendix  B. 


Section  2 


RESULTS 


This  section  presents  the  results  of  Task  1,  Characterization  of 
Waste,  and  Task  2,  Performance  Evaluation.  The  first  topic 
includes  analyses  on  ten  truckloads  of  Navy  waste  which  totaled 
48,920  pounds.  The  analyses  were  a  determination  of  composition 
and  an  assessment  on  the  type  and  quantity  of  Navy  waste  that 
would  be  difficult  to  shred  or  unshreddable  in  each  of  the 
shredders . 

The  second  topic  is  a  characterization  of  the  Cedarapids  5096 
shear  shredder  and  the  Heil  42-F  vertical -shaft  hammerroi  1 1 it 
includes  operations  information  such  as  the  operating  hours,  tons 
processed,  the  size  distribution  of  the  discharged  MSW,  power 
consumption  required  to  produce  the  shredded  MSW,  average 
processing  rates,  and  idle  time  when  the  equipment  is  both 
operational  and  not  operational.  In  addition,  maintenance 
information  is  included  in  this  characterization.  Here, 
information  such  as  downtime  for  maintenance,  downtime  for 
repairs,  repair  man-hours  per  ton  of  refuse  processed,  and  repair 
parts  costs  per  ton  of  waste  processed  are  noted.  Previously 
obtained  operations  information  on  similar  shredders  are  included 
in  this  section  and  a  reliability,  availability  and 
maintainability  (R£M)  analysis  is  included  for  each  of  the  SWRC 
shredders . 

CHARACTERI ZATION  OF  WASTE 

Over  a  36-week  period,  ten  samples  of  Navy  waste  were  analyzed  in 
detail.  Analyses  were  conducted  to  determine  Navy  waste 
composition  and  to  determine  the  unshreddable  and  dif ficult-to- 


shred  portions  of  the  waste  for  each  shredder.  Individual, 
refined  data  sheets  are  shown  in  Appendix  C.  Raw  data  is 
presented  in  Appendix  D. 


Composition 


Waste 


Ten  samples  of  Navy  waste  adding  to  a  total  of  48,918  pounds, 
were  analyzed  between  February  22,  1984  and  August  22,  1984.  The 
waste  had  an  average,  calculated  bulk  density  in  the  trucks  of 
5.05  pounds/cubic  foot  and  a  weighted  average  of  5.18 
pounds/cubic  foot.  The  average  composition  of  the  waste  is  shown 
in  Table  2-1.  The  waste  composition  was  divided  into' five  major 
categories  and  multiple  smaller  categories.  Composition  of  the 
major  categories  were:  Organics — 97.06%,  Inerts — 1.22%, 
Ferrous — 0.89%,  Nonferrous— *0.55%,  and  Other/Special — 0.28%.  The 
organic  content  of  the  Navy  waste,  found  in  the  study,  was  much 
higher  than  typical  municipal  solid  waste  which  is  on  the  order 


of  80%  organic  materials.  The  Other/Special  category  mainly 
includes  materials  that  were  considered  flammable  or  explosive. 
One  exception  in  that  category  is  insulation,  which  was  a 
composite  material  and  did  not  seem  to  fit  into  any  of  the  other 
categories.  Excluding  the  insulation,  the  total  dangerous  waste 
was  less  than  1%  by  weight. 


Ease  of 


Navy  Waste 


A  summary  of  the  unshreddable  and  difficult-to-shred  objects  in 
the  Navy  waste  is  shown  in  Table  2-2.  Of  all  the  Navy  material 
analyzed,  the  shear  shredder  was  expected  to  be  incapable  of 
shredding  0.04%  of  the  waste  and  to  have  difficulty  shredding  an 
additional  0.21%  of  the  waste.  For  the  same  waste  the  Heil  42-F 
hammermill  was  believed  to  be  unable  to  shred  10.41%  of  the  waste 
and  to  have  difficulty  shredding  4.92%  more  of  the  waste. 


Most  of  the  troublesome  waste  for  the  Heil  shredder  was  either: 
large,  and  could  not  easily  fit  into  the  shredder  feed  chute; 


Table  2-1 


ANALYSIS  ON  NAVY  WASTE  SAMPLES 
TRUCK  BULK  DENSITY  AND  COMPOSITION 


_ TOTAL  SAMPLE _ 

Wet  Weight  (lbs)  Wet  Weight  % 


Volume,  Cu.Ft. 

10800 

Usage 

0.88 

Net  Volume,  Cu.Ft. 

9450 

Density,  Lb. /Cu.Ft. 

Average 

5.05 

Weighted  Average 

5.18 

COMPOSITION 


PAPER 

13139 

26.86 

PLASTIC 

Light 

2036 

4.16 

Heavy 

237 

0.48 

Other 

117 

0.24 

RUBBER 

Tires 

2 

.00 

other 

665 

1.36 

CARDBOARD 

13973 

28.56 

TEXTILES 

860.5 

1.76 

WOOD 

Pallets 

2140 

4.37 

Other 

3556 

7.27 

MISC.  ORGANICS 

10755 

21.99 

SUBTOTAL  ORGANICS 

-TTZttTS 

9T.66 

GLASS 

330.5 

0.68 

INERTS/CERAMICS 

266 

0.54 

SUBTOTAL  INERTS 

596.5 

1.22 

FERROUS 

Cable/Strapping 

83 

0.17 

Other 

351 

0.72 

SUBTOTAL  FERROUS 

— 

0.-5ST 

NONPERROUS 

Cable 

29 

0.06 

Other 

242 

0.49 

SUBTOTAL  NONFERROUS 

- 27Y— 

OTIjST 

OTHER/SPECIAL 

Aerosol  Can 

7 

0.01 

Paint 

4 

0.01 

Solvents 

10 

0.02 

Oil 

15 

0.03 

Insulation 

100 

0.20 

SUBTOTAL  OTHER 

— ~TT6 — 

TOTAL 

TBasasagasgagaa 

4C98X 

100.00 

Table  2-2 


SUMMARY  OF  ALL  NAVY  WASTE  SAMPLES 
WEIGHT  OF  UNSHREDDABLE  AND  DIFFICULT-TO-SHRED  OBJECTS 

(Data  are  in  pounds) 


UNSHREDDABLE  DIFFICULT-TO-SHRED 


Component 

Total 

Shear 

Heil 

Shear 

Heil 

PAPER 

13139 

0 

0 

0 

360 

PLASTIC 

Light 

2036 

0 

0 

0 

0 

Heavy 

237 

0 

0 

0 

0 

Other 

117 

0 

0 

0 

0 

RUBBER 

Tires 

2 

0 

0 

0 

0 

Other 

665 

0 

430 

0 

0 

CARDBOARD 

13973 

0 

1540 

0 

605 

TEXTILES 

860.5 

0 

62 

62 

75 

WOOD 

Pallets 

2140 

0 

1715 

0 

95 

Other 

3556 

0 

1224 

0 

1125 

MISC.  ORGANICS 

10755 

0 

0 

0 

0 

GLASS 

330.5 

0 

0 

0 

0 

INERTS/CERAMICS 

266 

0 

0 

0 

60 

FERROUS 

Cable/Strapping 

83 

0 

0 

0 

0 

Other 

351 

0 

100 

40 

77 

NONFERROUS 

Cable 

29 

0 

0 

0 

0 

Other 

242 

19 

19 

0 

12 

OTHER/SPECIAL 

Aerosol  Can 

7 

0 

2 

0 

0 

Paint 

4 

0 

0 

0 

0 

OTHER/SPECIAL 

Solvent 

10 

0 

1 

0 

0 

Oil 

15 

0 

0 

0 

0 

Insulation 

100 

0 

0 

0 

0 

TOTAL 

48918 

19 

5093 

102 

2409 

PERCENT 

100.00 

0.04 

10.41 

0.21 

4.92 

flexible,  and  could  wrap  around  the  rotor;  made  of  tough 
material,  which  may  not  be  rejected  through  the  ballistic 
ejection  chute;  or  was  considered  explosive.  The  problem 
materials  for  the  shear  shredder  were  nylon  webbing,  steel  steps 
and  aluminum  blocks.  Summaries  of  the  unshreddable  and 
difficult-to-shred  objects  are  provided  in  Table  2-3  through  2-6. 
Table  2-3  and  2-5  list  the  unshreddable  objects  for  the  shear 
shredder  and  the  hammermill,  respectively.  The  difficult-to-shred 
objects  are  listed  in  Table  2-4  for  the  shear  shredder  and  Table 
2-6  for  the  hammermill  shredder. 

PERFORMANCE  EVALUATION 

This  section  includes  detailed  operations  and  maintenance 
information  on  both  the  shear  shredder  and  the  hammermill. 
Operations  data  include  information  on  the  shredded  discharge 
product,  operating  capacities,  power  consumption  and  labor 
requirements.  Maintenance  data  include  maintenance  hours, 
man-hours,  and  repair  parts  costs.  Performance  of  the 
Charleston,  SC,  shredders  are  compared  to  the  performance  of  two 
shredders  in  Chemung  County,  NY.  A  reliability,  availability  and 
maintainability  analysis  is  presented  for  the  Charleston,  SC 
shredders . 

Processing  Capacity 

The  shredders  were  operated  from  January  to  September,  1984,  to 
determine  processing  capacity.  The  average,  daily  throughput 
rates  were  determined  by  maintaining  a  record  of  the  tons 
processed  through  the  shredder  and  the  operating  hours  of  the 
shredder  during  each  day's  shift.  On  Mondays,  Tuesdays, 
Thursdays  and  Fridays  the  normal  shift  for  the  plant  was  nine 
hours.  On  Wednesdays  the  shift  was  scheduled  for  six  hours,  due 
to  a  decrease  in  the  amount  of  solid  waste  collected.  There  were 
no  weekend  operations. 
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Table  2-3 


UNSHREDDABLES 

—  SHEAR 

SHREDDER 

Sample 

Date 

Source 

Cccponent 

Weight 

(lbs.) 

Size 

(Inches) 

MfeH  Description 

1. 

2/22/84 

Supply  Center, 
Bldg  19B 

None 

- 

2. 

3/14/84 

Bldg  1601 
(Northside) 

None 

- 

3. 

3/21/84 

Bldg  228 

CIA  Area 

NOne 

- 

4. 

5/16/84 

Bldg  1603 

Ncne 

- 

5. 

5/23/84 

Bldg  67 

Aluminum 

Blocks 

19 

4,,x6,,x8"  2  solid 

A1  blocks 

6. 

5/30/84 

Pier  Q 

None 

- 

7. 

7/11/84 

Pier  M 

Ncne 

- 

8. 

7/25/84 

Bldg  1502 

None 

9. 

8/15/84 

Bldg  25 

None 

10. 


8/22/84  Bldg  67 


None 
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DIinCDIflMD-SHRED  ITEMS  FCR  THE  SHEAR  SHREDDER 


M 

Sample 

Date 

Source 

Ccujponent 

Weight 

(lbs.) 

Size 

(Inches) 

LxWxH  Description 

« 

1. 

2/22/84 

Supply  Center, 
Bldg  19B 

None 

- 

2. 

3/14/84 

Bldg  1601 
(North  Side) 

None 

- 

3. 

3/21/84 

Bldg  228 

CIA  Area 

None 

- 

4. 

5/16/84 

Bldg  1603 

Textiles 

62 

l»Qx900'L  2  Rolls 

nylon 

webbing 

5. 

5/23/84 

Bldg  67 

None 

- 

* 

6. 

5/30/84 

Pier  Q 

Steel  Steps 

40 

6"x8"x3"  Steps, 

5/16" 

thick 

m 

7. 

7/11/84 

Pier  M 

None 

- 

8. 

7/25/84 

Bldg  1502 

None 

- 

9. 

8/15/84 

Bldg  25 

None 

- 

10. 

8/22/84 

Bldg  67 

None 

- 

TABLE  2-5 


UNSHKEXTAHLE5  —  BEIL  HAMMEEMHL 


Weight 

Size 

Sample  Date 

Source 

Ccnponent 

(lbs) 

(inches) 

Description 

1. 

2/22/84 

Supply  Center 
Building  19B 

None 

2. 

3/14/84 

Building  1601 
(Northside) 

None 

3. 

3/21/84 

Building  228 
CIA  Area 

None 

4. 

5/16/84 

Building  1603 

Aerosol  Can 

1 

4"Dxl0"H 

Explosive  -  flammable 
liquid 

Textiles 

62 

1"WX21"D 

Cases  nylon  webbing 

Wood  Pallets 

450 

36"x48"x5» 

Will  not  fit 
into  shredder 

Cardboard 

800 

30"X36"x60" 

large, Heavy  Boxes 

5. 

5/23/84 

Building  67 

Wood  Efellets 

385 

36"x40"x5" 

Will  not  fit 
into  shredder 

36,,x36,,x4" 

Wood  Crate 

39 

20"x39Mxl8" 

Cardboard 

150 

36"x48"x36" 

Will  not  fit 
into  shredder 

Aluminum  Blocks 

19 

4"x6"x8" 

2  Solid  A1  blocks 

Steel 

8 

l"x4 ' 

Reinforcement  Rod 

Steel  Pipe 

3 

3/4 "xlQ' 

Aerosol  Can 

1 

4»nxio" 

13-oz.  Primer  Paint 

6. 

5/30/84 

Pier  Q 

Rubber  Hatting 

430 

12,,Dx36"L 

Rolls 

Steel  Steps 

40 

6nXl8"x3" 

Steps  5/16"  thick 

Alcohol 

1 

2"X6"X8" 

can  of 

Flaumable  Liquid 

7. 

7/11/84 

Pier  H 

Steel  Drums 

40 

30"Dx40ML 

Used  for  Solvents 

Wood 

450 

3'x6'xl/4" 

Boxes  and  Plywood 

8, 

7/25/84 

Building  1502 

Wood  Pallets 

670 

36"x48"x6" 

large 

Wood 

275 

2"x4"xl6'-18' 

Cardboard 

400 

42,,y40',x36,, 

Large  Bowes 

9. 

8/15/84 

Building  25 

Wood 

210 

4,,x36"x36" 

Pallets 

Metal  Cans 

9 

10"x8Mxl4" 

Flanmable-Baint 

Thinner 

10. 

8/22/84 

Building  67 

Wood 

460 

18"x6# 

Boxes  &  Heavy  Pallets 

Cardboard 

190 

26"x39"x3" 

Boxes 

TABLE  2-6 


DIFFICULT-TO- SHRED  ITEMS  FOR  THE  HEIL  HAMMERMILL 


Sanple  Date 

Source 

Component 

Weight 

(lbs)  Size  (inches) 

Description 

*  1. 

2/22/84 

Supply  Center 

None 

. 

Building  19B 

2. 

3/14/85 

Building  1601 

Steel  Strapping 

20 

variable  x  3/4" 

Numerous  'pieces'  of 

(Northside) 

x  1/32" 

banding  strap 

3. 

3/21/84 

Building  228 

None 

- 

CIA  Area 

4. 

5/16/84 

Building  1603 

Paper 

60 

12"xl4"xlo" 

Rail  boxes  of  paper 

5. 

5/23/84 

Building  67 

Steel 

8 

4"D 

Heavy  terminal  plugs 

Cardboard 

400 

24"x36"xl8" 

Shipping  Baxes 

Steel  Banding 

29 

l"xl0"xl/16" 

Paper 

300 

16"xl2"xl8" 

10  baxes-unused  forms 

6. 

5/30/84 

Pier  Q 

Ceramic 

60 

30'*xl4"xl6" 

Toilet  Base 

Rope 

30 

l/2"xl00' 

Bundles  of  Textile 

Rope 

7. 

7/31/84 

Her  M 

Wood 

IUX) 

min  2'x2'xl/4" 

Pallets , crates . plywood 

Ferrous 

20 

24"x2"xl/4" 

Angle  Iron 

Nonferrous 

12 

20’x3/4"D 

Roll  of  Coax  wire 

8. 

7/25/85 

Building  1502 

Wood  Boxes 

125 

I"x6”x6' 

Iuxber 

Cardboard 

75 

24"x24"x30" 

Large  Boxes 

9. 

8/15/84 

Building  25 

Wood 

210 

3'x3' 

3  Hardwood  Pallets 

10. 

8/22/84 

Building  67 

Cardboard 

130 

2'x3'x26" 

Boxes 

Wood 

70 

I‘*x28*x36" 

Pallet  Portions 

The  Charleston  County  SWRC  has  a  Cedarapids  5096  shear  shredder, 
with  a  dedicated  infeed  and  discharge  conveyor,  feeding  one  of 
two  compactors.  The  second  compactor  is  jointly  fed  by  two  Heil 
42-F  hammermills,  which  have  separate  infeed  conveyors  and  a 
common  discharge  conveyor.  Accurate  recordc  were  maintained  on 
the  production  of  each  compactor.  Estimates  were  made  concerning 
the  amount  of  material  processed  bv  each  of  the  hammermill 
shredders.  Usually,  the  total  production  was  divided  evenly 
between  the  hammermills.  When  possible,  data  for  both 
hammermills  has  been  averaged  to  eliminate  erroneous  results 
caused  by  incorrectly  estimated  splits  in  production. 

The  results  of  the  processing  capacity  measurements  are  shown  in 
Table  2-7.  Raw  data  is  provided  in  Appendix  E.  The  data  in 
Table  2-7  does  not  include  days  when  the  equipment  was  down  for 
repairs  and  production  capacity  was  zero.  The  shear  shredder 
processed  over  48,000  tons  and  jointly  the  hammermills  processed 
over  23,000  tons  during  the  analysis  period.  Average,  daily 
processing  quantities  were  295  tons  for  the  shear  shredder  and  75 
tons  for  each  hammermill. 

The  average  processing  capacity  for  the  shear  shredder  throughout 
an  8-month  period,  was  68.9  TPH  during  the  time  it  was  actually 
processing  and  dropped  to  33  TPH  as  idle,  blockage,  repair,  and 
no-fault  hours  were  included.  The  average  processing  rate  for 
the  hammermills  was  16.7  TPH,  considering  only  active  processing 
hours.  This  dropped  to  8  TPH  with  the  addition  of  idle, 
blockage,  repair  and  no-fault  hours.  Averages  of  daily 
processing  rates  were  similar  to  the  overall  8-month  weighted- 
average  rates.  Raw  data  for  operating  hours  are  presented  in 
Appendix  F.  Daily  shredder  throughput  rates  are  shown  in 
Appendix  G. 

Although  all  shredders  were  processing  MSW  for  nearly  700  hours 
over  the  8-month  period,  the  shear  shredder  displayed  a  capacity 
four  times  greater  than  that  for  each  hammermill.  As  a  result. 


TABLE  2-7 


PROCESSING  CAPACITY  OF  SHREDDERS 


Shear  Shredder 

Vertical  Hammermills 

Mill  #1 

Mill  #2 

Mill  #3 

Combined 

Days  Tested 

165 

157 

157 

157 

Tannage 

48,709 

11,877 

11,763 

23,640 

Daily  Tonnage 

Average 

295.21 

75.65 

74.92 

150.57 

Maximum 

488.0 

153.0 

147.0 

295.00 

6-Month  Operations  Records’, 
a.  Process  Hours 

706.6 

732.7 

683.6 

1416.3 

b.  Idle  Hours 

532.2 

277.7 

313.8 

591.5 

c.  Blockage  Hours 

10.5 

11.2 

27.3 

38.5 

d.  Repair  Hours 

112.3 

84.2 

87.3 

171.5 

e.  No-Fault  Hours 

113.1 

369.9 

363.7 

733.6 

6-Month  Shredder  Capacity,  TEH 
a.  w/a  above 

68.93 

16.21 

17.81 

16.69 

b.  w/a  and  b 

39.29 

11.75 

11.79 

aj..'>7 

c.  w/a,  b  and  c 

38.96 

11.63 

11.48 

11.55 

d.  w/a,  b,  c  and  d 

35.75 

10.74 

10.58 

10.66 

e.  w/a,  b,  c,  d  and  e 

33.01 

8.05 

7.97 

8.01 

Average  of  Daily  Capacities,  TEH 

a.  Process  Hours,  only 

68.16 

16.02 

17,41 

16.33 

b.  Process  and  Idle  Hours, 

37.95 

11.61 

12.01 

11.52 

only 

Peak  Daily  Capacity,  TEH 
a.  Process  Hours,  only 

114.29 

42.92 

47.69 

38.33 

b.  Process  and  Idle  Hours, 

62.00 

21.51 

47.50 

32.86 

only 

NOTE:  All  data  were  for  an  8 -month  period. 
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the  shear  shredder  processed  four  times  the  amount  of  material  as 
each  hammermill  or  two  times  the  combined  production  of  the  two 
Heil  42-F  shredder’s. 

Characterization  of  Shredded  MSW  at  the  SWRC 


Ten  samples,  each,  of  shear-shredded  MCW  md  hammermill -shredded 
MSW  were  characterized  between  October  11,  1983,  and  July  20, 
1984  for  size  distribution  by  compositional  category.  Individual 
data  sheets  are  included  for  the  shear  shredder  (Appendix  H)  and 
the  hammermill  shredder  (Appendix  I) . 

Composition  of  Waste.  Average  size  data  for  the  shear  shredder 
are  presented  in  Table  2-8.  All  sample  data  from  Appendix  H  were 
averaged  except  for  sample  s-l  which  had  a  glass  content  in 
excess  of  40%.  Average  size  data  for  the  hammermill  shredder  are 
presented  in  Table  2-9.  In  this  case,  all  the  sample  data  from 
Appendix  I  were  utilized  except  for  Sample  H-6  which  had  nearly 
40%  combined  glass  and  inerts.  Both  of  the  above  samples  were 
excluded  from  the  analyses,  because  each  contained  a  total  inerts 
content  which  appeared  too  high.  However,  the  results  presented 
are  the  averaged  size  and  composition  data  from  eight  discharge 
samples  from  each  shredder. 

Comparing  Tables  2-8  and  2-9,  the  discharge  from  tho  shear 
shredder  had  a  much  lower  organic  material  content  (73.42%)  than 
the  hammermill -shredded  MSW  (86.46%).  The  difference  is  made  up 
predominantly  by  the  shear  shredded  discharge  having  a  higher 
glass  (11.47%  compared  to  3.88%)  and  ferrous  (6.62%  compared  to 
3.71%)  content.  Additionally,  the  shear  shredder  discharge 
contained  more  nonferrous  metals  (2.66%  compared  to  0.96%)  and 
inert  material  (5.83%  compared  to  4.99%)  than  the  hammeimilled 


Table  2-8 


SHEAR  SHREDDER  SIZE  DISTRIBUTION  —  AVERAGE  DATA 


12 

8 

6 

4 

2 

1 

1/2 

1/4 

1/8 

PAN 

TOTAI 

PAPER 

0.00 

0.13 

0.89 

7.83 

6.71 

2.83 

0.99 

0.23 

0.04 

0.00 

19.65 

PLASTIC 

0.00 

0.24 

3.69 

2.98 

3.26 

1.54 

0.61 

0.28 

0.10 

0.00 

12. 7C 

CARDBOARD 

0.00 

1.51 

1.50 

5.48 

4.33 

2.12 

0.80 

0.19 

0.01 

0.00 

15.95 

TEXTILES 

0.00 

0.83 

0.47 

1.09 

1.30 

0.46 

0.23 

0.07 

0.00 

0.00 

4.44 

WOOD 

0.00 

0.00 

0.41 

0.57 

1.53 

1.27 

0.74 

0.45 

0.22 

0.00 

5.  IS 

OTHER 

0.00 

0.00 

0.18 

0.62 

0.83 

1.81 

2.57 

2.20 

1.76 

5.51 

15. 4S 

TTL  ORGANIC 

0.00 

2.71 

7.13 

18.57 

17.97 

10.03 

5.95 

3.41 

2.14 

5.51 

73.42 

GLASS 

0.00 

0.00 

0.00 

1.03 

1.72 

2.72 

3.05 

2.18 

0.57 

0.20 

11.47 

INERTS 

0.00 

0.00 

0.00 

0.00 

0.57 

0.64 

0.77 

0.66 

0.98 

2.20 

5.83 

TTL  INERT 

0.00 

0.00 

0.00 

1.03 

2.29 

3.36 

3.83 

2.84 

1.55 

2.40 

17. 3C 

FERROUS 

0.00 

0.00 

1.04 

1.03 

2.56 

1.36 

0.38 

0.14 

0.07 

0.05 

6.62 

NONFERROUS 

0.00 

0.00 

0.00 

0.23 

1.67 

0.51 

0.21 

0.02 

0.02 

O.OC 

2.66 

TTL  METALS 

0.00 

0.00 

1.04 

1.26 

4.23 

1.87 

0.59 

0.17 

0.09 

0.05 

9.28 

TOTAL, 

0.00 

2.71 

8.17 

20.86 

24.49 

15.26 

10.36 

6.42 

3.78 

7.96 

100.00 

The  low  glass  in  the  hammermill  discharge  may  have  been  related 
to  the  fact  that  glass  was  pulverized  and  imbedded  into  the 
softer  organic  material  by  the  high  impact  hammers.  Alternately, 
it  may  have  indicated  the  hammermill  and  shear  shredders  were  fed 
different  types  of  MSW,  From  the  analyses  on  what  Navy  waste  was 
considered  unacceptable  for  each  shredder,  it  appeared  the 
Cedarapids  5096  had  less  constraints  on  the  type  of  material  that 
could  be  shredded.  As  stated  previously,  the  shear  shredder  was 
believed  to  have  difficulty  shredding  nylon  webbing,  steel  steps, 
and  aluminum  blocks.  In.  addition  to  the  above  items,  the 
hammermill  shredder  was  believed  to  have  problems  shredding  all 
large  material  which  could  not  fit  into  the  feed  chute  including 
cardboard  and  wood,  ether  flexible  material  such  as  textiles  and 
cable  which  could  wrap  around  the  shaft,  other  tough  material 
such  as  bundles  of  paper  which  would  be  rejected  and  explosive 
material . 

The  compositional  content  of  the  discharged  MSW  in  each  sieve 
size,  is  shown  in  Figure  2-1  for  the  shear  shredder  and  Figure  2- 
2  for  the  hammermill  shredder.  Figures  2-1  and  2-2  show  ferrous 
and  nonferrous  metals  appear  in  the  1/4-inch  to  4-inch  size 
categories  for  both  shredders.  However,  inerts  appear  in  6-inch 
size  fraction  and  glass  in  the  4-inch  size  fraction  for  the  shear 
shredder,  while  the  same  compositional  categories  are  not  present 
until  the  1-inch  size  fraction  for  the  hammermill -shredded  MSW. 
This  resulted  because  the  shear  shredder  is  low-speed  and  tended 
to  break  the  brittle  materials  while  the  hammermill  is  high-speed 
and  tended  to  pulverize  the  brittle  fraction. 

size  Distribution  of  Waste.  The  general  shapes  of  both  Figure 
2-1  and  2-2  are  shown  in  Figure  2-3.  The  curves  are  similar, 
except  that  the  hammermil 1 -shredded  discharge  curve  is  offset 
slightly  to  the  right  portion  of  the  graph  or  to  finer  particle 
sizes.  The  size  distribution  of  each  compositional  category  from 
Figures  2-1  and  2-2  and  for  the  total  Jisw  are  plotted  in  Figures 
2-4  (shear  shredder)  and  2-5  (hammermill  shredder),  respectively. 
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Figure  2-3 


SCREEN  SIZE  (INCHES) 

SHEAR  +  HAMMERMILL 


as  the  cumulative  weight  percent  passing  a  sieve  size,  versus  the 
base-10  logarithm  of  that  sieve  size.  The  curves  are  similar 
except  for  a  slightly  finer  size  distribution  as  noted  for  the 
hammermil led  material.  This  is  particularly  noticeable  in  the 
relative  positionings  of  the  organics,  the  glass  and  the  inerts 
curves.  All  these  figures  indicate  that  the  hammermill  produced 
a  finer  discharge  particle  size. 

Similar  cumulative  percent  passing  versus  logarithm  of  sieve  size 
curves  were  drawn  for  the  constituents  of  the  organic  fraction. 
Figures  2-6  and  2-7.  Each  figure  shows  six  curves:  paper, 
plastic,  cardboard,  textiles,  wood  and  other  organics.  Figure  2- 
6  is  of  the  shear-shredded  discharge  and  Figure  2-7  of  the 
hammermil 1 -shredded  discharge.  The  shear-shredded  discharge 
appears  slightly  coarser  in  general  and  shows  a  more  similarly- 
sized  distribution  for  the  paper,  plastic,  cardboard  and  textile 
fractions  than  for  those  displayed  by  the  hammermil  led  discharge. 
For  an  alternative  review  of  the  same  shear-shredded  discharge 
data,  Figure  2-4  and  Figure  2-6  are  replotted  without  the 
logarithmic  scale  as  Figures  H-l  and  H-2  in  Appendix  H. 
Similarly,  the  hammermill -shredded  discharge  data.  Figures  2-5 
and  2-7,  are  replotted  with  the  sieve  size  on  a  linear  scale  as 
Figures  1-1  and  1-2,  respectively,  in  Appendix  I. 

The  graphs  of  the  cumulative  weight  percent  passing  the  sieve 
size  versus  the  logarithm  of  the  sieve  size  (Figures  2-4,  2-5,  2- 
6,  and  2-7)  are  especially  helpful  in  determining  the  nominal  and 
characteristic  particle  sizes  of  the  various  solid  waste 
constituents.  The  characteristic  size,  is  the  size  of  a 
hypothetical  screen  through  which  63.2%  of  the  material  would 
pass  and  on  which  36.8%  would  be  retained.  It  provides  a  general 
size  for  the  sample  and  is  related  to  the  Rosin-Rammler  equation 
which  has  shown  relatively  good  fit  in  describing  shredded 


refuse.  The  nominal  size  is  that  size  at  which  90%  of  the 
material  would  pass  and  10%  would  be  retained.  The  nominal  size 
is  helpful  from  a  materials  handling/ design  basis  in  that  it 
accounts  for  the  coarser  particle  sizes. 

Calculated  characteristic  and  nominal  particle  size  values  are 
listed  in  Table  2-10.  Those  data  clearly  show  the  shear  shredder 
produced  a  coarser  particle  size  than  the  hammermill  shredder. 
The  ratic  of  total  shear-shredded  to  total  hammermill -shredded 
discharge-material  for  the  characteristic  sizes  is  1.36, 
indicating  the  generally  coarser  particle  size  for  the  shear 
shredder.  The  ratio  for  the  nominal  size  is  only  1.11  which, 
being  much  closer  to  unity,  suggests  each  shredder  produces  a 
similar  amount  of  extremely  coarse  material. 

The  characteristic  sizes  of  the  other  organics  (4.1  inches 
compared  to  2.8  inches)  and  glass  (1.3  inches  compared  to  0.6 
inches)  fractions  are  especially  coarser  for  the  shear  shredder. 
The  nominal  sizes  of  the  glass  and  inerts  are,  also,  particularly 
coarse  for  the  shear  shredder  (by  factors  of  3.8  and  8.5, 
respectively),  while  the  nominal  size  for  the  plastic,  wood,  and 
nonferrous  metal  fractions  were  greater  for  the  hammermill 
discharge  than  for  the  shear  shredder  discharge.  Here,  the 
maximum  size  ratio  was  1.5  (wood)  favoring  the  hammermill- 
shredded  discharge. 

Power  Consumption 

Power  consumption  data  for  the  shredders  in  Charleston,  SC,  are 
shown  in  Table  2-11.  Power  was  reported  for  105  days  for  the 
shear  shredder  and  99  days  for  the  hammermill.  Both  the  weighted 
average  for  the  period  and  the  average  of  daily  data,  show  the 
shear  shredder  power  consumption  was  slightly  greater  than  3.02 
kwh/ton.  For  the  Heil  42-F,  the  weighted  average  power 
consumption  was  8,44  kwh/ ton,  which  is  two  and  one-half  times 
greater  than  that  for  the  shear  shredder.  The  average  of  daily 


Table  2-10 


CHARACTERISTIC  AND  NOMINAL  PARTICLE  SIZE  FOR  SHREDDED  MSW 

IN  CHARLESTON,  SC 


Characteristic  Size  (in) 
Shear  Heil 


Nominal  Size  (in) 
Shear  Heil 


Paper 

4.2 

2.3 

5.6 

4.9 

Plastic 

5.0 

4.4 

7.4 

7.7 

Cardboard 

4.7 

4.0 

7.2 

5.7 

Textiles 

5.0 

3.2 

11.5 

10.4 

Wood 

2.2 

1.9 

4.1 

6.3  (est) 

Other  Organics 

0.5 

0.2 

1.9 

1.0 

TOTAL  ORGANICS 

4.1 

2.8 

6.8 

5.9 

Glass 

1.3 

0.6 

3.8 

1.0 

Inerts 

0.3 

0.2 

1.7 

0.2 

Ferrous  Metal 

3.5 

3.1 

6.5 

4.9 

Nonferrous  Metal 

2.9 

2.8 

3.9 

4.5 

TOTAL 

3.4 

2.5 

6.2 

5.6 

Table  2-11 


POWER  CONSUMPTION  BY  SHREDDERS 


Shear  Shredder  Vertical  Hammerroill 
Mill  #1  Mill  #3 


Days  Recorded 

105 

99 

Power  Consumption,  kwh 
for  5  months 

100,000 

66,400 

Quantity  Processed,  tons 
for  5  months 

33,098 

7,866 

Power  to  Quantity  Ratio, 
for  5  months 

kwh/ ton  3.02 

8.44 

Daily  Power  Consumption, 
Average 

Maximum 

kwh/ tan 

3.14 

6.90 

9.14 

36.36 

power  consumption  values  for  the  hammermill  was  9.14  kwh/ton. 
This  was  sligtuly  higher  than  the  weighted  average,  most  likely 
caused  by  daily,  peak  values  which  were  as  high  as  36  kwh/ton. 
The  maximum,  daily,  power  consumed  by  the  shear  shredder  was 
under  7  kwh/ton.,  Daily  energy  consumption  data  in  units  of  kwh, 
are  provided  in  Appendix  E.  Daily  energy  utilization  data  in 
units  of  kwh/ton,  are  presented  in  Appendix  G. 

Operations  and  Maintenance  Experience 

Operations  and  maintenance  data  were  recorded  for  the  Cedarapids 
5096  shear  shredder  and  each  of  the  Heil  42-F  vertical-shaft 
hammermil Is.  An  operating  log  was  kept  to  record  the  hours 
during  the  shift  that  the  shredder  was  running  and  the  hours  it 
was  not  running.  The  operating  hours  were  divided  into 
processing  and  idling  hours.  Downtime  was  split  among  blockage, 
repair,  and  no-fault  hours. 

Operating  labor  required  for  shz*edding,  was  classified  as  either 
operations,  maintenance  or  management/other.  Maintenance  in  this 
context  referred  to  the  routine  maintenance  that  was  required  for 
each  shredder.  Major  maintenance  items  were  identified 
separately.  Hours  of  downtime,  man-hours  for  repair,  and  the  cost 
of  required  parts  were  recorded  for  the  major  maintenance 
activities.  This  section  first  reviews  the  operating  and 
downtime  hours.  It  then  presents  the  operations  and  maintenance 
man-hours  and  repair  parts  costs. 

Operating  Hours.  A  summary  of  175  days  of  shredder  operations  is 
provided  in  Table  2-12.  The  summary  lists  the  processing, 
idling,  blockage,  repair,  and  no-fault  hours  of  each  shredder 
from  March  1  to  September  20,  1984.  Throughout  this  period,  the 
shear  shredder  processed  38,634  tons,  while  the  #2  and  #3  Heil 
mills  processed  9,351  and  9,262  tons,  respectively.  Daily 
operating  and  downtime  data  are  presented  in  Appendix  F. 


Table  2-12 


SUMMARY  OF  SHREDDER'S  OPERATING  LOGS 


Downtime 

Processing 

Idle 

Repairs 

No  Fault 

Shear  Shredder, 

hours 

706.6 

533.2 

10.5 

112.3 

113.1 

Heil  42-F  (#2) , 

hours 

732.7 

277.7 

11.2 

84.2 

369.9 

Heil  42-F  (#3) , 

hours 

683.6 

313.8 

27.3 

87.3 

363.7 

Shear  Shredder, 

O. 

"o 

47.88 

36.13 

0.71 

7.61 

7.66 

Heil  42-F  (#2) , 

% 

49.65 

18.82 

0.76 

5.71 

25.07 

Heil  42-F  (#3) , 

% 

46.32 

21.26 

1.85 

5.92 

24.65 

Notes:  1.  Results  are  the  sums  of  175  daily  data  points. 

2.  Total  hours  monitored  per  shredder,  were  1475.7 


The  total  period  for  this  analysis  was  1475.7  hours.  Each  of  the 
shredders  during  this  period  processed  MSW  for  about  700  hours  or 
just  under  50%  of  the  total  operating  shift.  The  shear  shredder 
was  allowed  to  idle  without  processing  material  for  a  greater 
portion  of  the  time,  3  6%  compared  to  approximately  20%  for  each 
Heil  42-F.  The  difference  was  almost  totally  counterbalanced  by 
the  no-fault  hours,  or  those  hours  that  the  equipment  was  down, 
but  operable.  The  shear  shredder  no-fault  hours  were  less  than 
8%  of  the  total  time,  while  each  hammermill  had  25%  of  its  time 
listed  as  no-fault  hours.  The  Cedarapids  5096  shear  shredder 
required  approximately  two  percentage  point  greater  time  for 
repairs  (7.6%)  than  the  Heil  42-F's  (5.7  and  5.9).  Blockage  time 
was  close  to  1%  for  all  three  shredders. 

In  the  test  period  which  was  monitored,  no  hours  were  allocated 
to  a  sixth  category  in  which  the  shredder  is  viewed  as  not 
operating,  at  fault  for  the  lack  of  operation,  but  not  in  a 
repair  mode.  An  example  of  this  category  would  be  the  period  of 
time  resulting  from  the  shredder  experiencing  a  mechanical 
failure  but  not  undergoing  immediate  repair  due  to  the 
unavailability  of  repair  parts.  A  second  example  would  be  a 
shredder  explosion  or  fire  which  stopped  operation,  but  required 
additional  attention  or  remedial  action  prior  to  actually 
beginning  shredder  repair. 

These  data  show  the  shredders  experienced  nearly  identical 
operating  histories.  The  major  difference  was  that  the  shear 
shredder  was  often  run  without  processing  MSW,  while  the 
hammermills  were  normally  turned  off  when  not  processing.  The 
only  real  implication  of  this  is  that,  compared  to  the 
hammermills,  a  greater  percentage  of  the  shear  shredder  power 
utilization  was  consumed  during  idle  periods  of  operation.  The 
shear  shredder  was  not  turned  off  as  frequently  as  the  hammermill 


because  of  its  lower  power  requirements.  In  addition,  the 
variety  of  feed  material  acceptable  to  the  shear  shredder  was 
greater  than  the  h&mmermills  which  resulted  in  the  hammermills 
being  turned  off  sooner  and  for  longer  periods  than  the  shear 
shredder. 

Operating,  Maintenance,  and  Management  Labor.  Operations, 
maintenance,  and  management/other  labor  were  tabulated  for  each 
shredder  over  a  7-month  period  beginning  March  1  and  ending 
September  20,  1984.  Raw  data  are  presented  in  Appendix  E  and 
summarized  in  Table  2-13. 

Labor  of  an  entire  plant  is  difficult  to  allocate  to  specific 
unit  operations.  Usually,  the  work  force  is  on  the  job 
regardless  of  whether  the  equipment  is  operating  or  not 
operating.  In  the  case  of  the  Charleston  SWEC,  County  officials 
decided  during  normal  operations  the  shear  shredder  required  12 
man-hours  of  operating  labor  0.8  man-hours  of  routine 
maintenance  labor,  and  1  man-hour  of  supervisory  labor.  For  the 
hammermills  the  labor  breakdown  was  11  man-hours  for  operating, 
0.6  man-hours  for  maintaining  and  1  man-hour  for  supervising  each 
shredder.  On  Wednesdays,  when  less  MSW  was  delivered  to  the 
SWRC,  the  operating  man-hours  were  decreased  to  8  for  the  shear 
shredder  and  7  for  each  hammermill.  No  adjustments  were  made  to 
maintenance  and  supervisory  labor  on  Wednesdays.  Only  occasional 
reallocations  were  made  for  operational  variations. 

Data  was  recorded  for  121  days  of  operation,  as  shown  in  Table  2- 
13.  Operations  labor  was  higher  for  the  shear  shredder  (1360 
man-hours)  compared  to  each  hammermill  (1235  man-hours). 
Maintenance  labor  one  third  higher  for  the  shear  shredder  (99 
man-hours)  than  the  hammermill  (77  man-hours).  Management  labor 
was  essentially  identical  for  all  shredders  at  120  man-hours. 
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Table  2-13 


OPERATIONS,  MAINTENANCE  AND  MANAGEMENT 
LABOR  REQUIREMENTS  FOR  SHREDDING 


Shear  Shredder 

Vertical  Harnnermills 

Mill  #1 

Mill  #2 

Mill  #3 

Combined 

Days  Recorded 

121 

121 

121 

121 

Quantity  Processed,  Tens 

38,634 

9,351 

9,262 

18,613 

Recorded  labor,  Man-hours 

Operations 

1,359.5 

1,232.3 

1,236.8 

2,469.1 

Maintenance 

99.4 

77.4 

76.4 

153.8 

Mgrat/Other 

122.0 

120.0 

120.0 

240.0 

Calculated  labor,  Man-hours/ton 

Operations  0.0352 

0.1318 

0.1335 

0.1327 

Maintenance 

0.0026 

0.0083 

0.0082 

0.0083 

Mgmt/Other 

0.0032 

0.0128 

0.0130 

0.0129 
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However,  since  the  shear  shredder  processed  approximately  four 
times  the  quantity  of  MSW  as  each  hammermill  shredder,  the 
operations,  maintenance,  and  management  labor  per  ton  of  waste 
processed  was  much  lower.  These  data  are  also  presented  in  Table 
2-13.  The  operating  man-hours/ton  were  0.0352  for  the  shear 
shredder  and  averaged  0.1327  for  the  hammermills.  Similarly, 
maintenance  labor  was  0.0026  man-hour/ton  for  the  shear  shredder 
and  0.0083  man-hours/ton  for  the  hammermills.  Management  labor 
was  also  less  for  the  shear  shredder  than  the  hammermills,  0.0032 
man-hours/ton  compared  to  0.0129  man-hours/ton. 

Hence,  in  all  labor  categories,  the  shear  shredder  had  higher, 
absolute  labor  requirements,  but  showed  lower  manpower 
utilization  rates  when  viewed  from  the  perspective  of  a  unit  ton 
processed.  This  was  primarily  due  to  the  lower  throughput  rate 
capacities  of  the  Heil  42-F's  and  the  method  utilized  by 
Charleston  County  for  labor  allocation. 

Repair  Hours,  Man-hours ,  and  Costs.  Major  maintenance  actions 
were  considered  repairs  in  this  work.  To  be  defined  as  a  major 
maintenance  action  the  remedy  had  to  be  non-routine,  require  at 
least  one  man-hour  of  labor,  or  have  parts  cost  in  excess  of 
$50.00.  Examples  of  repairs  for  this  study  are  the  replacement 
of  filters  and  cutters  for  the  Cedarapids  5096  shear  shredder  and 
the  replacement  of  hammers  and  liners  for  the  Heil  42-F  vertical- 
shaft  hammermills. 

Raw  data  for  repairs  is  presented  in  Appendix  J.  The  major 
requirement  for  the  shear  shredder  was  to  replace  cutters. 
Normally,  this  is  anticipated  at  20,000-ton  intervals.  However 
during  the  analysis  period  this  activity  occurred  at 
approximately  15,000  ton  intervals,  had  a  cost  of  $24,000  per 
set,  and  required  3  hours  and  40  man-hours.  A  minor  requirement 
was  to  replace  filters  for  the  hydraulic  system.  This  appeared 
to  occur  at  irregular  intervals,  depending  on  which  of  the  four 
filters  required  replacement,  but  sometimes  occurred  in  as  little 


as  3,000-to-4,000  ton  intervals.  Filter  replacement  required 
very  little  labor,  but  cost  $70  per  filter.  The  Charleston 
County  records  listed  the  installation  of  new  shafts  and  the 
replacement  of  a  hydraulic  motor  on  January  3  and  February  3  of 
1984,  respectively.  In  both  cases,  the  hours  for  repair  were 
only  listed.  On  March  5,  a  shaft  collar  required  tightening. 
This  was  considered  non-routine  by  the  Charleston  County  records 
and  included  in  repairs  even  though  it  required  less  than  one 
hour  and  one  man-hour. 

Major  repairs  for  the  hammermills  were  the  replacement  of  the 
mill  liners  in  January,  which  cost  $3,200,  and  the  nearly  weekly 
replacements  of  hammers.  Each  hammer  cost  $9,  and  from  6  to  18 
hammers  were  replaced  at  a  time.  One-half  hour  and  1  man-hour  of 
labor  were  required  to  replace  six  hammers.  Hammer  changes 
occurred  in  as  frequent  as  300-ton  intervals.  During  the 
analysis  period,  mathematically,  one  hammer  was  replaced  after 
every  35  tons  processed  in  the  hammermill.  Again,  the  Charleston 
County  records  listed  an  explosion  on  February  23  and  a  fire  on 
July  13.  No  allocation  of  man-hours  or  costs  appeared  to  be 
tabulated  with  those  occurrences. 

Summary  data  on  major  maintenance/repairs  are  shown  in  Table  2- 
14.  During  the  six-month  period  from  January  1  to  July  1,  1984, 
the  shear  shredder  processed  approximately  four  times  the 
quantity  of  MSW  as  each  hammermill  (32,800  tons  versus  8,100 
tons).  The  hours  required  for  repair  of  the  shear  shredder 
(40.7)  was  nearly  double  that  for  each  hammermill  (24).  Man¬ 
hours  required  for  repair  were  one-third  higher  for  the  shear 
shredder  (91  compared  to  66).  The  greatest  difference  was  found 
in  the  repair  parts  cost.  Repair  parts  for  the  shear  shredder 
cost  almost  ten  times  as  much  as  those  for  each  hammermill, 
$49,500  for  the  shear  shredder  and  $5,050  for  each  hammermill. 


Table  2-14 


SUMMARY  OF  REPAIR  ACTIONS 


Shear  Shredder 

Vertical  Hammermills 

Mill  #1 

Mill  #2 

Mill  #3 

Combined 

MSW  Processed,  Tons 

32,681 

8,138 

8,049 

16,187 

Repair  Time,  hours 

40.7 

23.5 

24.5 

48 

Repair  labor,  man-hours 

91 

65.5 

67.5 

133 

Repair  Parts  Cost,  $ 

49,540 

5,054 

5,098 

10,152 

Repair  labor,  Man-hours/tan 

.0028 

.0080 

.0084 

.0082 

Repair  Parts  Cost,  $/ton 

1.51 

0.62 

0.63 

0.63 

Data  from  period  January  l  -  July  1,  1985 


To  compare  the  data,  the  man-hours  and  parts  costs  for  repair 
were  standardized  to  the  unit  quantity  of  waste  processed.  Labor 
for  repair  of  the  shear  shredder  was  much  lower  than  labor  for 
each  hammermill  on  a  man-hour/ton  basis.  The  shear  shredder 
required  one-third  the  labor  (0.0028  man-hours/ton  compared  to 
0.0082  man-hours/ton).  However,  in  spite  of  the  higher 
production,  parts  costs  for  the  shear  shredder  remained  higher 
than  those  for  the  Heil  42-F  mills.  Here,  the  shear  shredder 
parts  cost  were  $1. 50/ton  compared  to  $0. 63/ton  for  the 
hammermills,  a  cost  of  2  and  1/2  times  greater. 

Comparisons  of  Shredder  Performance 

A  major  demonstration  program  on  shear  shredders  was  funded  by 
the  New  York  State  Energy  Research  and  Development  Authority  at 
Chemung  County,  New  York.  That  program  included  a  comparative 
side-by-side  study  of  a  Cedarapids  5096  shear  shredder  and  a 
Jeffrey  790  horizontal-shaft  hammermill. 

This  section  compares  the  performance  of  the  Charleston  County 
shredders  to  each  other  and  to  the  Chemung  County,  NY,  shredders. 

Processing  Capability  of  Charleston  County  Shredders.  Data  from 
Table  2-7  showed  the  shear  shredder  at  Charleston  County 
processed  four  times  as  much  MSW  (48,000  tons)  as  each  hammermill 
(11,800  tons)  during  the  January  to  September,  eight  month 
analysis  period.  Operating  hours  were  nearly  identical.  Measured 
throughput  rates  showed  the  shear  shredder  processed  at  rates 
from  three  and  one-half  to  four  times  that  of  each  Heil  42-F 
hammermill.  Peak  rates  were  two  and  one-half  times  greater  for 
the  shear  shredder.  Manufacturers'  data  list  the  shear  shredder 
and  hammermill  capacities  at  35-60  TPH  and  10-25  TPH, 
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respectively.  The  average,  measured  capacities  of  the  shredders 
excluding  idle  periods  were  68  and  16  TPH,  respectively.  With 
idle  included,  the  rates  were  still  in  the  manufacturers'  ranges 
at  38  TPH  and  12  TPH.  Therefore,  each  shredder  processed 
according  to  its  manufacturers'  specifications  during  this  study. 
The  difference  was  that  the  shear  shredder  was  designed  for 
higher  throughput  rates. 

The  Cedarapids  5096  shear  shredder  produced  a  slightly  coarser 
discharge-material  particle  size  than  the  Heil  42-F  horizontal 
hammermill.  As  shown  in  Table  2-10,  both  the  characteristic  size 
(3.4  inches)  and  the  nominal  size  of  the  shear-shredded  discharge 
(6.2  inches)  were  greater  than  the  values  for  the  Heil  mill  (2.5 
inches  and  5.6  inches).  Although  the  discharge-material  particle 
sizes  were  similar  and  the  shear  shredder  processed  more  material 
at  higher  rates,  power  consumption  by  the  shear  shredder  was  less 
by  a  factor  of  three,  3.1  kwh/ton  compared  to  9.1  kwh/ton. 

Performance-wise,  the  shear  shredder  appeared  superior  to  the 
hammermill.  It  should  be  noted,  the  tonnages  and  throughput  rate 
capacities  of  the  hammermills  were  limited  by  the  fact  that  they 
were  not  designed  to  provide  better  performance  than  that  which 
was  measured  in  this  program.  A  larger  vertical  shaft  hammermill 
would  have  greater  capacities.  However,  higher  horsepower 
motors  would  be  necessary  which  may  further  widen  the  gap  in 
power  consumption. 

Comparison  of  Charleston  to  Chemung  Shredders.  Comparative  data 
for  shredders  in  Chemung  County,  NY,  are  presented  in  Table  2-15. 
Chemung  County  has  two  shredders:  a  Cedarapids  5096  shear 
shredder  and  a  Jeffrey  790  horizontal-shaft  hammermill.  At  that 
facility,  short-term  demonstration  testing  funded  by  NYSERDA  was 


Table  2-15 


COMPARISON 

OF  SHREDDER 

PROCESSING 

INFORMATION 

9 

Charleston  County 

Chemung  County 

4« 

Heil 

Cedarapids 

Jeffrey 

Shear 

Vertical 

Shear  Shredder 

Horizontal 

Shredder 

Hanmermill 

— 

Hananermill 

#1  Mill  #2  &  #3  Mills 

6"  4"  2" 

Quantity  Processed  (tens) 

48,700 

11,800 

1,400  3,300 

600 

500 

Capacity  (tons/hour) 

Average  w/idle 

3.-. 3 

11.8 

43.8  42.4 

24.4 

47.1 

Average  w/o  idle 

68.9 

16.7 

55.4  49.6 

33.3 

49.6 

Peak  w/o  idle 

114.3 

38.3 

93,9  90.3 

41.1 

67.8 

Discharge  Material  Particle  size  (inches) 

Characteristic  Size 

3.4 

5.5  4.2 

3.4 

1.9 

Nominal  Size 

6.2 

5.6 

14.3  7.2 

5.7 

5.6 

Power  Demand  (kw) 

- 

- 

118  120 

123 

90-240 

*Power  CUisunption  (ksdi/tan) 

4c - - - - 

3.02 

2.7  3.0 

5.1 

5.1 

SOURCE:  Charleston  Oounty  data  frotn  January  l,  1984  -  September  20,  1984 


Chenung  County  data  frctn  Nl'SERDA  Program,  1983 


conducted  on  the  shear  shredder  with  6-inch,  4-inch  and  2-inch 
cutter  patterns.  The  Chemung  County  data  resulted  from  the 
averaging  of  individual  transfer  trailer  loads,  while  the 
Charleston  County  data  is  the  weighted  average  of  daily 
production  data. 

The  Chemung  County  data  showed  throughput  capacity  and  particle 
size  decreased  and  the  power  consumption  increased,  as  the 
cutter  width  for  the  shear  shredder  decreased.  None  of  the  data 
for  the  shear  shredder  configurations  matched  exactly  with  the 
Jeffrey  790  data.  The  smallest  shear  shredder  cutter  width 
produced  a  discharge-material  particle  size  and  had  power 
consumption  which  was  similar  to  the  Jeffrey  shredder,  but  had 
lower  throughput  rates.  The  largest  cutter  width  had  comparable 
or  superior  throughput  rates,  clearly  lower  power  consumption, 
but  a  coarser  particle  size. 

Particle  size  distributions  for  the  four  shredder  configurations 
in  Chemung  County  and  the  two  shredder  configurations  in 
Charleston  County  are  shown  in  Figure  2-8.  This  shows  the  shear 
shredder  with  4-inch  cutters  in  Charleston  County  produced  a 
particle  size  distribution  which  was  finer  than  that  produced  in 
Chemung  County  with  4-inch  cutters.  In  fact,  the  Charleston 
particle  size  distribution  was  much  closer  to  the  2-inch  shear- 
shredded  discharge  in  Chemung  County.  Figure  2-8  also  shows  the 
Heil  mill  produced  a  finer  particle  size  distribution  than  all 
the  shredders  tested  except  the  Jeffrey  790  horizontal  shaft 
hammermill. 

Although  further  comparisons  between  the  shredders  and  shredded 
discharge  materials  at  the  two  sites  can  be  made,  there  is  the 
concern  that  different  MSW  compositions,  operating  procedures, 
and  feed  systems  will  have  a  large  influence  on  the  results. 
Nonetheless,  the  shear  shredder  at  Charleston  County  processed 
at,  generally,  higher  rates,  with  less  power  consumption,  and 
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Figure  2-8 
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produced  a  finer-sized  discharge,  than  the  Cedarapids  5096  shear 
shredder  in  Chemung  County  when  installed  with  fc..  Inch  wide 
cutters.  The  better  performance  in  Charleston  is  -tnbuted  to 
the  fact  that  an  apron  conveyor  is  used  to  feed  the  mill,  the 
mill  has  a  sloped  discharge  chute,  there  is  a  better  line  of 
sight  between  the  operating  room  and  the  shredder,  and  there  is 
more  operating  experience.  Chemung  County  utilizes  a  vibrating 
pan  feeder,  has  a  vertical  feed  chute,  has  a  limited  line  of 
sight  and  has  less  experience.  Also,  the  feed  material  may 
differ  between  the  two  sites.  For  example,  Chemung  County  may 
have  more  commercial  material. 

Quality  of  Shredded  MSW.  Refuse-derived  fuel  was  produced  in  the 
NYSERDA  program  from  shear-shredded  and  hammermil 1 -shredded 
Chemung  County  MSW.  Approximately  25  tons,  each,  of  6-inch,  4- 
inch  and  2-inch  shear-shredded  and  hammermil led  material  were 
air-classified  in  the  Monroe  County  Resource  Recovery  Facility 
(MCRRF)  Cedarapids  11028  rotary  drum  air  classifiers  at 
approximately  60%  of  rated  capacity.  The  hammermil 1  utilized  in 
that  test  was  a  Newell  1000  located  at  the  MCRRF.  The  air 
classifier  was  utilized  with  identical  settings  to  those  which 
were  used  each  day  for  the  normal  hammermil 1 -shredding  operation 
that  was  conducted  at  Monroe  County.  Refuse-derived  fuels, 
recovered  from  these  tests,  were  analyzed  to  determine  the 
calorific  value. 

The  results  from  the  NYSERDA  tests  are  shown  in  Table  2-16. 
Essentially,  a  higher  quality  fuel  was  recovered  from  the  shear- 
shredded  MSW,  but  a  lower  quantity  was  recovered.  The  high 
quality  was  attributed  to  the  low  glass  and  inerts  content  of  the 
RDF.  The  MCRRF  plant  mass  balance  on  glass  and  inerts  is  shown 
in  Table  2-17.  It  showed  18%  of  the  glass  and  32%  of  the  inerts 


Table  2-16 


AIR  CLASSIFIED  FUEL  DATA 


Cedarapids 

5096  Shear 

Shredder 

152 -mm 
6-inch 

102 -mm 

4 -inch 

51 -mm 
2-inch 

Jeffrey 

Hraml 

Light  Fraction 
(%  of  Feed) 

43.20 

34.20 

32.20 

57.60 

RDF  (%  of  Feed) 

39.38 

30.67 

29.71 

54.51 

ACLF  Moisture  (WT  %) 

25.15 

19.10 

32.44 

28.73 

RDF  Moisture  (WT  %) 

22.13 

18.97 

28.97 

25.70 

ACLF  Ash  (WT  %) 

As  Received 

Dry 

16. 

21.39 

14.64 

18.09 

8.45 

12.50 

18.10 

25.40 

RDF  Ash  (WT  %) 

As  Recieved 

Dry 

8.15 

10.47 

11.76 

14.52 

9.24 

13.01 

14.75 

19.85 

ACLF  Calorific  Value 

(Btu/lb) 

As  Received 

Dry 

Moisture/Ash-Free 

5,537 

7,398 

9,411 

6,181 

7,640 

9,327 

5,949 

8,806 

13,034 

5,099 

7,155 

9,591 

RDF  Calorific  Value 

(Btu/lb) 

As  Received 

Dry 

Moisture/Ash-Free 

6,673 

8,569 

9,572 

6,742 

8,320 

9,733 

5,990 

8,433 

11,873 

5,640 

7,601 

9,484 

Source 


NYSERDA  work  performed  in  Chemung  County,  NY 


Table  2-17 


GLASS  AND  INERTS  DISTRIBUTION  IN  MCRRF  PROCESS 


VALUES  GIVEN  AS  PERCENT 

OF  FEED 

AND 

PERCENT 

OF  SPECIES 

RDF 

Trommel  Mixed 

O/S  U/S  FE 

Screen 

7 

U/S 

Total 

Glass  Distribution 

152-ram  (6-inch) 

0.20 

3.90 

1.27 

24.76 

3.47 

67.64 

0.00 

0.00 

0.19 

3.70 

5.13 

100.00 

102-mra  (4-inch) 

0.12 

1.21 

2.20 

22.11 

7.54 

75.78 

0.00 

0.00 

0.09 

0.90 

9.95 

100.00 

51-mm  (2-inch) 

0.24 

2.23 

3.46 

32.13 

6.83 

63.42 

0.01 

0.09 

0.23 

2.14 

10.77 

100.00 

Haraiaennill 

1.25 

13.49 

0.38 

5.62 

4.54 

67.16 

0.00 

0.00 

0.59 

8.73 

6.76 

100.00 

Inerts  Distribution 

152-xnm  (6-inch) 

0.43 

5.77 

4.09 

54,90 

1.90 

25.50 

0.01 

0.13 

1.02 

13.69 

7.45 

100.00 

102-rnm  (4 -inch) 

0.74 

9.78 

1.10 

14.53 

4.42 

58.39 

0.02 

0.26 

1.29 

17.04 

7.57 

100.00 

51-heu  (2-inch) 

0.32 

5.12 

1.67 

26.72 

3.89 

62.24 

0.01 

0.16 

0.36 

5.76 

6.25 

100.00 

iiaxnmennill 

1.42 

32.35 

0.75 

17.08 

1.87 

42.60 

0.01 

0.23 

0.34 

7.74 

4.39 

100.00 

Source:  NYSERDA  work  performed  in  Chemung  County,  NY 
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that  were  in  the  infeed-MSW,  reported  to  the  RDF  product  when  the 
MSW  was  hammermil  1  -shredded.  On  the  other  hand,  a  maximum  of 
only  3.9%  of  the  glass  and  9.8%  of  the  inerts  reported  to  the  RDF 
product  stream  during  the  air  classification  of  shear-shredded 
MSW's.  It  was  believed  the  coarseness  of  the  shear-shredded 
inorganics  caused  those  materials  to  drop  with  the  heavy  product 
of  the  air  classifier,  thus  improving  the  fuel  quality.  However, 
the  coarseness  of  the  heavier  organic  material  caused  that 
fraction  to  drop  in  the  air  classifier,  subsequently  decreasing 
the  recovery.  The  large  difference  between  the  shear-shredded 
and  hammermil  1 -shredded  discharges  from  Chemung  County  in  size 
distribution  of  glass,  can  be  seen  in  Figure  2-9.  Some  observers 
of  the  air  classification  tests  believed  that  by  modifying  the 
air  classifier  variables,  such  as  the  drum  inclination  angle,  a 
higher  recovery  of  RDF  could  have  occurred  with  shear-shredded 
MSW  without  a  sacrifice  in  quality.  Unfortunately,  subsequent 
testing  was  not  conducted. 

Prior  to  the  Navy  program,  it  was  expected  the  same  logic  would 
apply  to  the  MSW  shredded  at  Charleston  County.  However,  the 
overall  size  distributions,  Figure  2-8,  showed  the  Charleston 
shear-shredded  MSW  v:-vs  much  more  similar  to  the  Heil  hammermil 1- 
shreddad  MSW  than  the  Chemung  shear-shredded  MSW  was  to  the 
Jeffrey  hammermil 1 -shredded  MSW.  Utilizing  the  size  distribution 
results  from  this  program,  it  would  be  difficult  to  project  the 
quality  of  the  fuel  which  would  result  from  air  classifying  the 
Charleston  County  shredded  products. 

A  closer  inspection  was  made  on  the  size  distribution  of  the 
glass  in  the  Charleston  County  shear-shredded  ^nd  Heil 
hammermil  1 -shredded  MSW,  Figure  2-10.  As  with  the  total  MSW 
samples,  the  size  distributions  of  glass  were  much  closer  to  one 
another  than  those  shown  for  the  Chemung  County  results  (Figure 
2-9).  Thus,  projected  differences  in  quality  of  the  Charleston 
County  MSW  discharged  from  each  shredder,  viewed  from  the 
perspective  of  the  ability  to  produce  RDF,  appear  to  be  quite 
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Figure  2-9 
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COMPARISON  OF  SHREDDER  PRODUCTS 

SIZE  DISTRIBUTION  OF  SHREDDED  GLASS 


Figure  2-10 
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limited  from  the  data  in  this  program.  The  glass  content  in 
the  hammermilled  MSW  was  only  one-third  that  of  the  shear- 
shredded  MSW  which  may  have  biased  the  results.  It  was  also 
possible  that  glass  was  pulverized  in  the  Heil  hammermill  and 
became  embedded  in  the  organic  fraction. 

Operations  and  Maintenance  Requirements  of  Shredders. 
Comparisons  of  operating  hours  from  Table  2-12  showed  that  all 
three  Charleston  County  shredders  operated  for  approximately  700 
hours  or  nearly  48%  of  the  shift.  Although  the  shear  shredders 
idled  (actually  operating,  but  not  shredding)  longer  than  the 
hammermills  it  had  less  no- fault  (not  operating,  but  capable  of 
operating)  hours.  It  was  determined  in  Chemung  County,  when 
periods  of  idle  time  of  10  minutes  or  greater  were  anticipated 
for  the  shear  shredder,  it  was  economical  from  a  power 
consumption  point  of  view  to  turn  the  equipment  off.  Had  this 
practice  been  followed  in  the  Charleston  County  SWRC,  the 
operations  logs  for  the  three  shredders  would  have  been  virtually 
identical.  Each  of  the  shredders  in  Charleston  County  would 
have  been  processing,  or  able  to  process,  on  the  order  of  92%  of 
the  time.  The  remainder  of  the  time  would  be  ascribable  to 
blockages  and  repairs.  Downtime  for  repairs  and  blockages  were 
almost  identical  for  the  shear  shredder  and  vertical-shaft 
hammermills.  This  type  of  data  was  not  developed  during  the 
short-term  testing  program  in  Chemung  County  and,  therefore,  no 
comparisons  exist. 

Operations,  maintenance,  and  management/ other  labor  were  also 
nearly  identical  for  the  three  mills.  On  a  man-hour/ton 
processed  basis,  the  shear  shredder,  due  to  its  higher 
production,  had  much  lower  manpower  requirements.  All  labor 
categories  were  one-quarter  less.  The  advantage  here,  has  to  be 
placed  with  the  shear  shredder.  It  must  again  be  stated,  a 
higher  capacity  hammermill  would  compare  much  more  favorably  to 
the  shear  shredder  on  a  man-hour  per  ton  basis. 


2-46 


Officials  at  the  Chemung  County  plant  felt  the  maintenance  labor 
requirements  for  the  shear  shredder  were  much  lower  than  for  the 
Jeffrey  790  hammermill,  while  operations  and  supervisory  labor 
were  considered  equivalent.  A  detailed  labor  study  is  planned 
for  the  Chemung  County  shear  shredder  to  determine  the  costs 
associated  with  the  shear  shredder.  However,  consequent  to  the 
shear  shredder  installation  at  Chemung  County,  the  hammermill 
operations  were  ceased.  Thus  a  comparative  study  of  the  two 
mills  will  not  be  conducted. 

Repair  Requirements  of  Shredders.  The  summary  of  repair  actions 
for  the  Charleston  shredders  was  shown  in  Table  2-14.  From  that 
summary,  the  shear  shredder  was  shown  to  have  a  higher  absolute 
requirement  for  repairs.  Repair  actions  *  for  the  shear  shredder 
were  dominated  by  the  cutter  changes  were  required  every  15,000 
tons  at  a  parts  cost  of  $24,000.  Hours,  man-hours  and  repair 
parts  costs  for  the  Cedarapids  5096  shear  shredder  were  higher 
than  those  for  the  Heil  42-F  vertical  hammermills  by  factors  of 
1.70,  1.37  and  9.77,  respectively.  Again,  resulting  from  the 
higher  production  rates  of  the  shear  shredder,  on  a  unit  ton 
basis,  those  ratios  were  reduced  to  0.42,  0.34  and  2.40. 

This  indicated  the  shear  shredder  required  less  hours  and 
man-hours,  but  still  had  higher  parts  costs  per  ton  of  waste 
processed.  With  the  above  ratios,  the  higher  cost  of  repair 
labor  for  the  Heil  42-F  is  more  than  offset  by  the  low  cost  of 
parts.  Hence,  the  Heil  mill  would  be  favored  from  a  repair  parts 
point  of  view.  Most  of  the  items  called  repair  parts  in  this 
study  (cutters,  filters,  hammers,  liners)  would  normally  be 
considered  as  an  operating  cost  element.  Then  the  lower  manpower 
and  electrical  costs  of  the  shear  shredder  would  both  have  a 
counterbalancing  effect  on  the  high  parts  cost.  With  this 
approach,  both  operating  costs  and  repair  parts  costs  for  the 
two  types  of  shredder  would  be  very  close. 
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Repairs  in  Chemung  County  were  considered  either  scheduled  or 
unscheduled  maintenance  actions.  Parts  costs  for  the  shear 
shredder  (i.e.  cutters)  were  higher,  but  it  was  felt  the  low 
requirement  for  maintenance  labor  helped  to  offset  that  cost. 
The  Jeffrey  790  hammermill  required  labor  for  the  grates  and 
hammers.  In  fact,  hard-facing  of  the  hammers  was  a  major 
contributor  to  maintenance  costs.  Information  was  not  available 
to  calculate  a  man-hour  per  ton  or  parts  cost  per  ton  of  waste 
processed  for  Chemung  County.  That  is  planned  for  a  future 
NYSERDA  study.  It  should  be  noted  the  identical  type  of  cutters 
were  used  to  shred  46,000  tons  in  Chemung  County  prior  to 
replacement.  This  would  substantially  reduce  the  cost  per  ton 
processed  which  was  calculated  during  the  analysis  period  of  this 
program  utilizing  a  cutter  life  of  15,000  tons. 

Summary.  In  general,  most  of  the  data  produced  in  this  program 
appears  to  favor  the  shear  shredder.  The  only  exception  is  the 
cost  of  repair  parts  (cutters  versus  hammers  cost).  There  are 
two  points  to  be  made.  The  first  is  that  shear  shredders, 
applied  to  MSW  shredding,  are  relatively  new.  As  experience  is 
gained,  the  cost  of  cutters  per  ton  processed  could  be 
significantly  reduced.  The  improvements  could  result  from 
metallurgical  changes  in  cutter  alloys  which  extend  cutter  lives 
or  improvements  in  manufacturing  techniques  which  could 
significantly  decrease  the  cost  of  cutters.  The  second  point,  is 
that  a  hammermill  of  comparable  capacity  to  the  shear  shredder 
should  be  tested  because  most  of  the  parameters  from  this  study 
are  dependent  upon  the  throughput  capacity  of  the  mill  tested. 
The  rated  capacity  of  the  Heil  42-F  was  approximately  three  times 
less  than  the  Cedarapids  5096  shredder.  The  Jeffrey  790 
hammermill  tested  at  Chemung  County  had  a  similar  capacity,  but 
a  detailed  analysis  of  that  mill  is  no  longer  planned  because 
operation  of  that  mill  has  been  curtailed. 
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RAM  Analyses 


Reliability,  availability  and  maintainability  (RAM)  analyses  were 
determined  by  Navy  procedures  (1)  for  the  shear  shredder  and  the 
vertical -shaft  hammermill  shredders  from  the  data  presented  in 
Appendices  E,  F,  G  and  J.  When  the  data  for  the  two  Heil  42-F 
vertical  shaft  hammermills  could  be  combined,  they  were.  The 
period  of  analysis  was  January  through  June  of  1984.  Some  of  the 
RAM  parameters  have  previously  been  calculated  and  presented  in 
the  initial  portion  of  the  Performance  Evaluation  section. 
However,  the  periods  of  analyses  were  not  always  identical  to 
that  of  the  RAM  analyses.  Thus,  the  RAM  data  will  serve  as  a 
check  on  the  other  data  and  vice  versa. 


Eight  discrete  time  periods  were  used  to  describe  the  operation 
of  each  shredder  in  the  analyses.  They  were: 


tb 

*c 

*d 

te 

tm 

*P 


Time  shredder  was  energized  and  processing 
Time  shredder  was  energized  and  idle  (not 
processing) 

Time  spent  in  routine  maintenance 

Time  spent  in  repairs/replacements 

Time  shredder  was  de-energized,  but  operational 

Time  shredder  was  de-energized,  and  not 

operational 

Time  over  which  uninterrupted  operation  was  wanted 

for  each  shredder,  or  mission  time 

Active  repair  time  spent  on  corrective  maintenance 


The  time  during  which  the  shredders  were  energized,  ta,  was 
broken  into  two  categories  *•-  tal,  processing  and  ta2,  idling 
(not  processing).  This  was  done  to  distinguish  the  latter  from 
t^  and  te  which  are  normally  defined  by  the  Navy  as  "idle  (not 
energized)  and  operational"  and  "idle  (not  energized)  and  not 
operational",  respectively.  Also,  dividing  the  operational 
time  into  processing  and  idling  (not  processing)  format,  better 


2-49 


paralleled  the  Charleston  County  records.  This  was  also 
done  to  assess  the  sensitivity  of  the  RAM  parameters  to 
the  energized,  idle  time  of  the  shredders.  All  RAM  parameters 
used  in  this  study,  as  well  as  other  nomenclature,  are  presented 
in  Appendix  M. 

The  numerical  values  for  the  time  periods,  labor  man-hours  for 
each  period,  and  other  independent  parameters  during  the  January 
through  June,  1984  period,  are  presented  in  Table  2-18.  The 
results  of  the  RAM  analyses  are  presented  in  Table  2*19. 
Definitions  and  explanations  of  the  acronyms  and  nomenclature 
are  presented  in  Appendix  M.  The  remainder  of  this  section 
describes  the  RAM  analyses  results. 

Reliability^  Reliability  data  showed  the  vertical-shaft 
hammermills  to  be  more  reliable  than  the  shear  shredder.  Mean 
Time  Between  Failures  (MTBF)  was  1413  hours  for  the  hammermills 
and  422  hours  for  the  the  shear  shredder.  This  was  caused  by  the 
fact  that  the  shear  shredder  had  two  failures  (shaft  replacement 
and  hydraulic  motor  replacement)  in  the  first  month  of  the  RAM 
analysis  period.  The  Heil,  #2  mill  had  only  one  failure 
(explosion)  while  the  Heil,  #3  mill  had  none  during  the  January 
through  June  1984,  period.  Thus  the  MTBF  was  undefined  for  the 
#3  mill.  Expressed  as  a  probability,  R,  the  reliabilities  were 
0.99  for  the  hammermills  and  0.98  for  the  shear  shredder. 
Mission  time  was  selected  as  8-hours,  or  one  operating  shift. 

From  July  to  September  the  shear  shredder  had  no  additional 
failures.  During  that  same  period,  both  hammermills  were 
shutdown  due  to  a  fire.  Had  the  monitoring  period  been  January 
through  September  1984,  the  MTBF,  including  idle  time  as 
operating  time,  would  have  been  620  hours  for  the  shear  shredder 
and  1000  hours  (averaged)  for  the  hammermills.  Expressing  those 
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Tabl*  2-13 

VALUES  OF  PARAMETERS  FOR  RAM  ANALYSES 


Shear 


Parameter 

Mill'#! 

Vertical-Shaft  Haranemill 

Mill  #2  Mill  #3 

Time,  hours 

^al 

484.2 

524.1 

497.3 

360.6 

187.1 

204.4 

% 

66.8 

43.2 

45.2 

*c 

47,7 

32.8 

44.0 

65.9 

238.0 

234.3 

te 

0 

0 

0 

^m 

8 

8 

8 

40.7 

23.5 

24.5 

labor,  manhours 

Mta 

876.5 

792.3 

796.8 

Mfcb 

62.2 

49.5 

48,5 

Mtc 

91.0 

65.5 

67,5 

«td 

n.a. 

n.a. 

n«ci« 

Mfce 

0 

0 

0 

other 

Tans 

32,861 

8,138 

8,049 

Njp,  No.  of  Failures 

2 

1 

0 

Nr,  No.  of  Repairs 

23 

23 

23 

Nj^,  No  of  Maint.  Actions 

95 

95 

95 

CP,  Oost  of  Farts 

$49,540 

$5,054 

$5,090 

CP,  oost  of  fuel 

3.14  kwh/ton 

- 

9.14  kwh/ton 

GL,  Oost  of  labor 

CC,  cost  of  Consumables 

at  $0. 06/kwh 
$6. 00/hour 

n.a. 

n.a. 

at  $0. 06/kwh 
$6.00/hour 

n.a. 
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Table  2-19 


RAM  ANALYSES  RESULTS  FOR  CHARLESTON  COUNTY  SHREDDERS 


Shear 

Shredder 

Vertical-Shaft  Hammermill 

Parameter 

Status 

Mill  #1 

Mill  #2  Mill  #3  Combined 

Reliability 


Nf 

2 

1 

0 

1 

MTBF,  hours 

w/o  idle 

242.1 

524.1 

— 

1021.4 

w/idle 

422.4 

711.2 

— 

1412.9 

R  (let  Tm=8) 

w/o  idle 

0.97 

0.98 

— 

0.99 

w/idle 

0.98 

0.99 

— 

0.99 

Maintainability 

PMR,  manhours/houi’ 

w/o  idle 

0.1285 

0.0944 

0.0975 

0.0959 

w/idle 

0.0736 

0.0696 

0.0691 

0.0694 

CMR,  manhours/hour 

w/o  idle 

0.1879 

0.1250 

0.1357 

0.1302 

w/idle 

0.1077 

0.0921 

0.0962 

0.0941 

MI, manhours/hour 

w/o  idle 

0.3164 

0.2194 

0.2333 

0.2262 

w/idle 

0.1813 

0.1617 

0.1653 

0.1635 

MTTR,  hours 

1.770 

1.022 

1.065 

1.043 

MTH4A,  hours 

w/o  idle 

5.097 

5.517 

5.235 

5.376 

w/idle 

8.893 

7.486 

7.386 

7.436 

Availability 

An 

w/o  idle 

0.4723 

0.5112 

0.4851 

0.4981 

w/idle 

Long-Term  Cost  Effectiveness 

0.8240 

0.6937 

0.6845 

0.6891 

SCM , manhours/ ton 

0.0267 

0.0974 

0.0990 

0.0982 

8FM ,  manhours/ ton 

0.0047 

0.0141 

0.0144 

0.0143 

SIM ,  manhours/ ton 

0.0313 

0.1115 

0.1134 

0.1124 

SFC , mahhours/ton 

$1,508 

$0,621 

$0,632 

$0,627 

SOC ,  manhours/ton 

$0,189 

$0,548 

$0,548 

$0,548 

Average  Oost,$/ton 

(=SPC+SOC+SIM*CL) 

$1.88 

$1.84 

$1.86 

$1.85 
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reliabilities  as  a  probability,  R,  would  then  result  in  values  of 
0.987  and  0.992  for  the  shear  shredder  and  the  average  of  the 
hammermill  shredders,  or  a  0.5%  variation  between  the  values. 
Mission  time  was,  again,  selected  as  8-hours. 

Maintainability.  With  the  idle  period  of  the  shredders  included 
as  operating  time,  the  maintainability  ratios  for  the  shredders 
were  similar  with  the  hammermills  requiring  less  labor  for 
repairs,  but  the  shear  shredder  requiring  less  time  for  repairs 
and  less  frequent  repairs.  The  Preventive  Maintenance  Ratio 
.  (PMR),  Corrective  Maintenance  Ratio  (CMR) ,  and  Maintainability 
Index  (MI)  each  favored  the  hammermill  by  a  maximum  of  1  man- 
minute  of  labor  per  hour  of  operations.  PMR's  were  0.0694  man¬ 
hours  per  hour  for  the  hammermills  and  0.0736  man-hours  per  hour 
for  the  shear  shredder.  CMR's  were  0.0941  man-hours  per  hour 
(hammermill)  and  0.1077  man-hours  per  hour  (shear  shredder).  MI 
ratios  were  0.1635  man-hours  per  hour  (hammermill)  and  0.1813 
man-hours  per  hour  (shear  shredder) . 

The  Mean  Time  to  Repair  (MTTR)  favored  the  hammermill  and  the 
Mean  Time  Between  Maintenance  Actions  (MTBMA)  favored  the  shear 
shredder  by  43.6  minutes  and  87.4  minutes,  respectively.  This 
indicated  the  shear  shredder,  on  the  average,  ran  for  an  extra 
one  and  one-half  hours  before  requiring  maintenance,  but  required 
an  additional  three-quarters  of  an  hour  each  time  a  repair  was 
required.  Calculated  values  of  MTTR  were  1.770  hours  for  the 
shear  shredder  and  1.043  hours  for  the  hammermills.  MTBMA  ratios 
were  8.893  hours  and  7.436  hours  for  the  shear  shredder  and 
hammermill  shredders,  respectively. 

All  the  maintainability  indices  were  inferior  to  those  stated 
when  the  idle  period  was  not  included  in  the  analyses.  The 
sensitivity  of  the  parameters  to  idle  time  of  the  shredders  can 
be  seen  in  Table  2-19. 
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Availability.  Operational  availability  (AQ)  of  each  shredder  was 
calculated  with  and  without  the  idle  (energized,  but  not 
processing)  period.  As  stated  previously,  the  shear  shredder  was 
allowed  to  idle  for  longer  periods  while  the  hammermil Is  were 
turned  off,  and  had  higher  no-fault  times.  As  a  result  of  this 
operational  practice,  the  hammermil Is  had  higher  (average) 
availability  (49.8%  compared  to  47.2%)  than  the  shear  shredder 
without  idle  periods  included  and  the  shear  shredder  had  higher 
availability  (82.4%  compared  to  68.9%)  with  the  idle  time 
included.  It  should  be  noted,  if  no-fault  hours  were  to  be 
included  in  the  definition,  the  availability  would,  again,  favor 
the  hammermil Is  (91.9%  compared  to  88.8%).  However,  no-fault 
hours  are  not  included  in  the  Navy  definition  of  operational 
availability. 

Long-Term  Cost  Effectiveness.  Long-term  cost  effectiveness  was 
calculated  for  each  shredder.  Labor  and  utilities  favored  the 
shear  shredder;  repair  parts  costs  favored  the  hammermil Is. 
Specific  operating  Man-hours  (SOM),  Specific  Repairs  and 
Maintenance  Man-hours  (SRM)  and  Specific  Total  Man-hours  (STM) 
were  lower  for  the  shear  shredder  by  factors  between  3.0  and  3.7 
compared  to  the  hammermil  1  values.  SOM  ratios  were  0.0267  man¬ 
hours  per  ton  for  the  shear  shredder  and  0.0982  man-hours  per  ton 
for  the  hammermil  Is.  Calculated  SRM  values  were  0.0047  man-hours 
per  ton  and  0.0143  man-hours  per  ton  for  the  shear  shredder  and 
the  hammermil 1  shredder,  respectively.  Similarly  STM  for  the 
shear  shredder  was  0.0313  man-hours  per  ton  while  that  for  the 
hammermill  was  0.1124  man-hours  per  ton. 

Specific  Consumable  cost  (SCC),  which  in  this  analysis  was 
electrical  power  only,  was  2.90  times  lower  for  the  shear 
shredder  ($1,506  per  ton)  than  for  the  hammermil  Is  ($0,627  per 
ton).  However,  the  Specific  Part  Maintenance  Cost  (SPC)  favored 
the  hammermill  ($0. 627/ton  compared  to  $1. 508/ton)  by  a  factor  of 
2.41. 
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As  a  result,  the  average  cost  per  ton  of  waste  processed  at  the 
Charleston  County  SWRC,  calculated  by  adding  the  SPC,  SCC,  and 
the  product  of  the  STM  and  an  average  labor  rate,  favored  the 
hammermill  shredder  ever  so  slightly,  $1.85/ton  versus  $1. 88/ton. 
An  average  labor  rate  of  $6  per  hour  was  assumed.  If  the  average 
labor  rate  of  $7  per  hour  was  assumed,  operation  of  the  shear 
shredder  would  be  less  expensive  than  the  hammermill,  $1.92  per 
ton  processed  compared  to  $1.96  per  ton. 

Summary  of  RAM  Analyses.  During  the  January  through  June,  1984 
analysis  period.,  the  RAM  analyses  appear  to  show  a  very  minor 
difference  between  the  hammermill  shredder  and  the  shear 
shredder.  Based  upon  an  operating  shift  as  the  mission  tine, 
reliability  favored  the  hammermill  by  a  difference  in  probability 
of  about  0.01.  Maintainability  ratios  showed  the  maintenance 
labor  requirement  per  hour  of  operation,  was  approximately  10% 
higher  for  the  shear  shredder,  while  the  mean  time  to  repair  were 
nearly  identical  and  the  mean  time  between  maintenance  actions 
favored  the  shear  shredder  by  19%. 

The  standard  Navy  definitions  did  not  distinguish  between 
•'operating  and  not  processing"  and  "operating  and  processing". 
This  study  did  distinguish  between  the  two.  Utilizing  the  Navy 
definition  of  total  operating  time,  the  shear  shredder 
operational  availability  was  higher  by  19.6%.  Utilizing  only  the 
hours  the  shredders  were  operating  and  processing  the  hammermills 
showed  an  average  operating  availability  5.5%  higher  than  the 
shear  shredder. 

Specific  maintenance  labor  costs  and  electrical  power  costs  were 
lower  for  the  shear  shredder.  On  the  other  hand,  specific  parts 
costs  were  higher.  Calculated,  average  costs  per  ton  for  the 
shredding  operations  were  very  close  —  $1. 88/ton  for  the  shear 
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shredder  and  $1.85/ton,  averaged  for  the  hammermills.  This  cost 
included  total  labor,  parts  and  electrical  power  costs.  A  labor 
cost  of  $6.00  per  hour  was  assumed.  If  the  labor  cost  increased 
beyond  $6.44  per  hour,  the  shear  shredder  had  the  lower  cost. 

Some  of  the  RAM  analyses  parameters  calculated  in  this  section 
had  lower  values  than  those  presented  under  the  Equipment 
Performance  section.  For  example,  the  sum  of  repairs  and 
maintenance  labor  calculated  in  the  Equipment  Performance  section 
were  0.0054  man-hours/ton  for  the  shear  shredder  and  0.D165  man¬ 
hours/ton  for  the  hammermill.  RAM  data  SRM  calculations  shcvea 
results  of  0.0047  man-hours/ton  and  0.0143  man-hours/ton, 
respectively.  Similarly,  from  the  Equipment  Performance  data, 
the  calculated  sum  of  operations  and  management  labor  was  0.0384 
man-hours/ ton  for  the  shear  shredder  and  0.1456  man-hours/ton  for 
the  hammermill.  RAM  data  for  SOM  were  0.0267  man-hours/ton  and 
0.0982  man-hours/ton  for  the  respective  shredders.  Parts  costs 
for  each  respective  shredder  were  the  came  in  both  the  equipment 
performance  analysis  and  the  RAM  analysis. 

It  is  believed  the  differences  were  attributable  to  the  total 
tonnages  used  to  calculate  the  parameters.  Periodically, 
information  was  missing  from  operating  records.  In  the  earlier 
section  of  Equipment  Performance,  those  periods  were  avoided 
during  calculation  of  the  various  results.  For  the  RAM  analyses, 
a  constant  period,  January  throuah  June  of  1984,  was  utilized. 
On  occasion,  periods  of  missing  data  were  included  in  the  RAM 
analyses.  It  should  be  noted,  the  ratios  between  the  shear 
shredder  and  hammermill  shredder  dats  from  the  equipment 
p^rfoiaance  results  are  nearly  equivalent  to  those  ratios  from 
the  RAM  analyses  results.  This  would  indicate  that  whatever  data 
was  missing  from  the  RAM  analysis  for  one  of  the  shredder's 
records  were  also  missing  from  the  other  shredders'  records. 
Cost  analyses  in  the  next  two  sections  will  utilize  the  higher  of 
the  man-hour  per  ton  and  dollars  per  ton  values.  Those  were  the 
data  developed  in  the  Equipment  Performance  section. 
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Section  3 


LIFE-CYCLE  COST  ANALYSIS 


Life-cycle  cost  comparisons  were  made  of  the  two  types  of 
shredders  at  the  Charleston  County,  SWRC.  The  analyses 
calculated  the  present  value  cost  per  ton  of  shredding  for  the 
Cedarapids  5096  shear  shredder  and  the  Heil  42-F  vertical-shaft 
hammermill,  at  the  measured,  average  throughput  rate  of  the 
respective  shredders  at  the  SWRC.  The  present  value  cost  shown 
in  Table  3-1  was  calculated  both  including  facility  capital 
investment  and  excluding  capital  investment  (considering  the 
capital  cost  as  a  sunk  cost).  The  results  of  the  analysis  with 
the  capital  investment  included,  showed  the  cost  per  ton  for 
shredding  to  be  $2.34  for  the  shear  shredder  and  $4.62  for  the 
hammermill.  With  capital  investment  of  the  entire  facility 
(including  the  building,  auxiliary  equipment,  and  shredder) 
excluded,  the  shear-shredding  cost  decreased  to  $1.60/ton  while 
the  hammermill  decreased  to  $2.4 6/ ton. 

The  latter  approach  was  the  preferred  analysis,  in  that  it 
appeared  to  more  accurately  model  the  status  of  the  SWRC  as  of 
today.  The  hammermills  were  installed  as  original  equipment  in 
the  SWRC  while  the  shear  shredder  was  retrofit  at  a  later  date, 
but  prior  to  this  program.  This  made  cost  comparisons  more 
difficult,  unless  the  capital  cost  for  the  entire  facility  was 
deleted.  In  addition,  most  published  data  on  shredding  costs 
are,  predominantly,  operations  and  maintenance  costs  which  are 
comparable  to  considering  'the  total  capital  cost  as  a  sunk  cost. 

PROCEDURE 


The  analysis  utilized  the  procedures  (2)  requested  by  the  Navy. 
A  cash  flow  diagram  was  developed  for  each  shredder  at  the 
Charleston  County  SWRC.  Figure  3-1  shows  the  cash  flow  diagram 
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Table  3-1 


LIFE-CYCLE  COST  ANALYSIS 

FOR  SHREDDING  AT 

THE  SWRC 

Shear  Shredder 

Hanmermill 

Expected  Case  (Caoital  Costs  are  Sunk  Costs) : 

IV  of  Original  Capital  Costs 

IV  of  Major  Equipment  Replacement  Cost 

IV  of  Repair,  O&M,  and  Disposal  Costs 

Subtotal  Present  Value  Costs 

0 

463,260 

1,830,000 

2,293,260 

0 

313,440 

737,000 

1,050,440 

IV  of  20-year  RDF  Revenue 

0 

0 

Net  Present  Value  Cost 

2,293,260 

1,050,440 

20-Year  Production,  tens 

1,426,420 

426,400 

Net  Present  Value  Cost  per  Ton 

$1.60 

$2.46 

Alternative  Case  (Capital  Costs  are  included) : 

IV  of  Original  Capital  Costs 

IV  of  Major  Equipment  Replacement  Costs 

IV  of  Repair,  O&M,  and  Disposal  Costs 

Subtotal  Present  Value  Costs 

1,249,650 

283,658 

1,660,000 

3,351,850 

1,002,420 

108,666 

670,000 

1,971,610 

FV  of  20-Year  RDF  Revenue 

0 

0 

Nat  Present  Value  Cost 

3,351,850 

1,971,610 

20-Year  Production,  Tons 

1,426,420 

426,400 

Net  Present  Value  Cost  per  Ton 

$2.34 

$4.62 
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Figure  3-1 


OPERATION  START 


for  the  shear  shredder,  when  the  capital  cost  is  excluded.  A 
facility  life  of  25  years  and  shredder  life  of  10  years  was 
selected  from  NAVFAC  guidelines.  Therefore,  the  project  life  for 
the  life-cycle  period  was  selected  as  20  years,  or  two  times  the 
life  of  the  shredder.  An  allowance  was  made  at  the  tenth  year  to 
replace  the  shredder.  It  was  anticipated  the  shredder  would  not 
be  replaced  in  year  20  since  the  facility  had  only  5  years  of 
service  life  remaining.  Operations  and  maintenance  costs  were 
determined  for  every  year  of  the  20  year  project  life  using  an 
inflation  rate  of  5%. 

When  capital  investments  were  included  in  the  cost  analysis,  a 
construction  period  of  one  year  was  selected  and  the  capital 
costs  were  paid  quarterly.  The  time  value  of  money  of 
construction  payments  was  incorporated  into  the  analyses  at  an 
annual  rate  of  10%.  The  present  value  of  all  costs  for  each 
year  of  the  20-year  life  were  then  calculated  for  the  base  year, 
in  this  case  1985.  The  ability  to  generate  an  RDF  revenue  was 
included  in  the  analysis  for  each  year  of  the  20-year  project 
life.  A  1985  present  value  for  revenue  was  also  calculated. 
Finally,  the  net  present  value  (cost  minus  revenues)  was 
calculated  and  divided  by  the  total  production  for  the  20-year 
period  to  arrive  at  a  net  present  value  cost-per-ton  calculation. 

COST  ESTIMATES 


Information  for  the  life-cycle  cost  analyses  utilized  measured 
data  from  this  program,  to  ti.t  maximum  extent  possible,  other 
published  data  when  available,  and  estimates  when  required.  The 
data  which  was  used  for  both  the  shear  shredder  and  the 
hammerraill  analyses  are  presented  in  Table  3-1.  All  costs  were 
determined  in  1985  dollars  and  inflated  at  5%  annually  for 
subsequent  years. 


Operations  and  Maintenance  Costs 


Labor  rates  for  solid  waste  facilities  in  the  general  Charleston, 
SC,  area  were  reviewed.  Three  categories  of  labor  were  used: 
operations  -  $7. 50/hour,  maintenance  -  $5. 25/hour,  and 
administrative  -  $10. 50/hour.  A  burdening  factor  of  1.25  was 
applied  to  each  rate  to  cover  fringe  benefits.  Man-hour  per  ton 
labor  data,  developed  in  this  program,  were  used  in  the  analyses. 

Consumables'  costs  for  the  Charleston  shredding  operation  were 
dominated  by  electrical  power  costs  for  both  shredders  and  blade 
and  hammer  changes  for  the  shear  shredder  and  hammermill, 
respectively.  The  electrical  power  cost  in  the  Charleston  area 
is  approximately  $0. 06/kwh.  Power  consumption  data,  measured  in 
this  program  for  each  shredder,  were  used.  Cutter  blades  cost 
$24,000  per  set  for  the  shear  shredder  and  hammers  cost  $9.00 
apiece  for  the  vertical -shaft  mills.  The  repair  parts  cost-per- 
ton,  calculated  in  this  program  for  each  shredder,  was  employed 
in  the  life-cycle  cost  analyses. 

Disposal  costs  for  Charleston  County  are  approximately  $8. 60/ton, 
however,  a  value  of  $1. 00/ton  was  utilized  in  this  particular 
analysis.  This  lower  value  was  used  because,  in  this  case,  the 
cost  refers  to  a  differential  disposal  cost  which  occurred  for 
shredded  versus  unshredded  MSW  oeing  sent  to  the  landfill.  In 
Charleston  County,  both  shredded  and  unshredded  solid  waste  is 
landfilled.  However,  unshredded  waste  requires  more  landfill 
volume  and  more  cover  material.  This  has  been  estimated  as 
having  a  cost  impact  of  $1. 00/ton  on  the  unprocessed  waste.  In 
that  all  the  material  is  landfilled,  there  was  s  $0.00/ton  value 
assigned  to  the  fuel  produced.  Availability  of  the  shredders,  as 
determined  in  this  contract,  were  applied  to  annual  shredder 
production  figures.  This  was  accomplished  by  utilizing  shredder 
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throughput  rates,  as  determined  when  process,  idle,  blockage  and 
repair  hours  were  included  in  the  calculation.  Thus,  processing 
rates  employed  in  the  cost  analyses  were  35.75  TPH  and  10.66  TPH, 
for  the  shear  shredder  and  hammermill  shredder,  respectively. 

Capital  Costs 

It  should  be  recalled,  the  preferred  analyses  did  not  include 
capital  costs  and  considered  the  cost  of  the  facility  as  a  sunk 
cost.  In  that  case,  all  capital  costs  added  to  zero.  In  the 
case  when  capital  cost  is  included,  the  capital  cost  consisted  of 
construction  costs  and  financing  costs.  The  costs  are  itemized 
for  each  shredder  in  Appendix  K.  Construction  costs  included  the 
facility  —  foundation,  structural  supports,  access,  electrical 
equipment,  processing  equipment,  spare  parts,  and  so  forth  which 
totaled  $607,440  for  the  shear  shredder  and  $412,500  for  the 
hammermill;  installation  costs  which  totaled  $217,840  for  the 
shear  shredder  and  $249,520  for  the  hammermill;  engineering  and 
construction  management  costs  at  12%  of  the  installation  costs; 
and  a  management  reserve  at  15%  of  the  installation  costs. 
Financing  costs  for  each  shredder  were  calculated  as  25%  of  the 
sum  of  the  facility,  installation,  engineering/construction 
supervision,  and  management  reserve  costs.  The  equipment  cost  in 
1985  dollars  was  also  inflated  to  1995  dollars  at  5%  to  determine 
the  equipment  replacement  cost  in  year  10.  The  present  value  of 
that  cost  was  calculated  for  year  zero. 

Capital  costs  for  the  shredders  were  estimated  at  $300,000  for 
the  shear  shredder  and  $87,000  for  the  hammermill.  The  ratios  of 
the  total  equipment  and  material  costs  to  the  shredder  costs  were 
2.02  for  the  shear  shredder  and  4.74  for  the  hammermill.  If 
infeed  and  discharge  conveyors  were  in  existence  and  conveyor 
costs  (estimated  at  $214,000  in  both  cases)  were  excluded  from 
the  facility  equipment  costs,  then  the  ratios  of  the  total 
equipment  and  materials  costs  to  the  shredder  costs  would 
decrease  to  1.31  for  the  shear  shredder  and  2.28  for  the 
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hammermill.  The  extremely  low  ratio  for  the  shear  shredder  has 
been  calculated  (4)  and  supported  by  manufacturers  (5,6) .  The 
manufacturers  indicated  in  the  more  complex  installations,  a 
factor  of  25%  to  30%  above  the  cost  of  the  shear  shredder  is  a 
cost  estimate  which  should  safely  cover  the  ancillary  equipment. 
For  simple  installations  with  existing  conveyors,  the  cost  ratios 
can  be  much  lower.  Typically,  the  shear  shredder  price  includes 
a  stand,  feed  hopper,  and  local  control  panel  and  the  only 
additional  material  costs  are  for  transition  chutes,  anchor 
bolts,  grouting,  electrical  connections  and  control  wiring. 

Capital  cost  data  is  referenced  in  Appendix  K  with  the  source  of 
the  information.  Sources  include  Chemical  Engineering  Magazine, 
Means,  a  Charleston  County  Shredder  Explosion  Insurance  Claim 
Report,  Allen  Bradley  Catalogue  data,  actual  data,  calculated 
data  from  this  contract,  and  engineering  estimates. 

DISCUSSION  OF  RESULTS 

The  life-cycle  analyses  results  for  shredding  at  the  SWRC  are 
shown  in  Table  3-1.  For  the  preferred  case  (without  capital 
costs  and  first  day  of  operations  is  day  zero),  the  present  value 
of  the  major  equipment  (shredder)  replacement  favored  the 
hammermill  by  a  ratio  of  1.48  costing  $463,260  for  the  shear 
shredder  compared  to  $313,440  for  the  hammermill.  Also,  the 
present  value  of  operations  and  maintenance  costs  favored  the 
hammermill  by  a  ratio  of  2.48.  The  shear  shredder  cost  $l.83M  to 
operate;  the  hammermill  $737K.  However,  the  shear  shredder 
processed  1.426M  tons  of  solid  waste  while  the  hammermill  could 
only  process  426,400  tons  over  the  20  year  period.  Hence,  the 
cost  per  ton  was  $1.60  for  the  shear  shredder  and  $2.46  for  the 
hammermill. 

The  same  was  found  when  the  initial  capital  was  included  and  the 
first  day  of  construction  was  day  zero,  or  the  reference  day. 
The  project  life  became  21  years,  but  only  20  years  were 
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processing  years.  The  other  year  was  the  construction  period. 
With  this  small  variation,  the  present  value  equipment  costs  and 
operations  and  maintenance  costs  were  slightly  less  than  those 
for  the  previous  case,  but  the  ratios  were  identical.  Major 
equipment  costs  were  $442,200  (shear  shredder)  and  $299,190 
(hammermill) ,  again,  favoring  the  hammermill  by  a  factor  of  1.48. 
Total  present  value  of  operations  and  maintenance  costs  were 
$1.66M  (shear  shredder)  and  $670K  (hammermill),  a  ratio  of  2.48. 
In  this  case,  capital  for  the  shear  shredder  was  $1.25M  and  that 
for  the  hammermill  was  $1.00M  or  1.25  times  less,  once  again, 
the  20-year  production  capacity  of  the  shear  shredder  was  over 
three  times  that  of  the  hammermill.  The  calculated  net  present 
value  for  the  shear  shredder  on  a  per-ton-processed  basis  was 
lower,  $2.34  compared  to  $4.62. 

The  life  cycle  cost  analyses  for  the  Charleston  County  SWRC 
parallel  those  findings  in  the  Equipment  performance  section. 
The  overall  cost  of  operating  the  shear  shredder  is  higher,  but 
the  production  is  higher.  On  a  cost  per  unit-ton  processed 
basis,  the  shear  shredder  cost  is  lower. 
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Section  4 


PROJECTED  LIFE-CYCLE  COST  ANALYSIS 


The  life-cycle  cost  of  a  50-TPD  Navy  shredding  facility  was 
determined.  It  was  assumed  the  shredding  station  could  be 
located  next  to  an  existing  heat  recovery  facility  which  had  a 
front-end  loader.  The  Navy  shredding  station  was  also  expected 
to  be  new,  and,  thus,  would  require  construction.  As  shown  in 
Table  4-1,  with  those  assumptions,  the  net  present  value  cost  per 
ton  of  solid  waste  shredded,  was  $4.27  for  the  shear  shredder  and 
$4.36  for  the  hammermill.  If  either  of  the  shredders  were 
previously  installed  in  an  existing  facility,  capital  costs  could 
be  eliminated  and  the  net  present  value  would  drop.  Then,  it 
would  cost  $1.12  per  ton  for  processing  with  the  hammermill.  In 
the  case  of  the  shear  shredder,  the  cost  would  be  reduced  to 
$0.44  per  ton. 

Some  of  the  previous  work  under  this  contract  indicated  the  shear 
shredder  offered  advantages  over  the  hammermill.  Electrical 
power  consumption  and  labor  were  lower  per  ton  processed,  than 
for  the  hammermill.  Parts  costs  were  higher  than  those  for  the 
hammermill,  but  appeared  to  be  more  than  offset  by  the  low  power 
and  labor  requirements.  More  types  of  material  and  more  material 
could  be  shredded  in  the  shear  shredder.  The  mean  time  between 
maintenance  actions  was  longer  and  there  were  no  explosions  and 
fires.  The  hammermill  shredder  was  favored  in  other  areas.  As 
stated,  repair  parts  costs  were  lower.  Also,  the  mean  time  to 
repair  the  hammermill  shredder  was  less  than  that  for  the  shear 
shredder.  Labor  for  the  hammermill  .as  lower  on  a  per  hour 
basis. 

Availability  and  discharge  material  particle  si2e  results  were 
less  clear.  The  availability  of  the  shear  shredder  was  much 
higher  than  that  of  the  hammermill  shredder  when  idle  was 
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Table  4-1 


LIFE-CYCLE  COST  ANALYSIS  FOR  50-TPD  NAVY  SHREDDING  STATION 


Shear  Shredder 

Hammenni.:  i 

Expected  Case  (Capital  Costs  are  Included) : 

PV  of  Original  Capital  Costs 

IV  of  Major  Equipment  Replacement  Cost 

IV  of  Refair,  O&M,  and  Disposal  Costs 

Subtotal  Present  Value  Costs 

1,142,100 

367,710 

517,000 

2,026,810 

98°  > 

2P-' 1 000 

683,000 

1  940,620 

IV  of  20-year  RDF  Revenue 

746,880 

634,030 

Net  Present  Value  Cost 

1,279,930 

1,306,590 

20-Year  Production,  tons 

300,000 

300,000 

Net  Present  Value  Cost  per  Ton 

$4.27 

$4.36 

Alternative  Case  (Capital  Costs  Sunk  Costs) : 

IV  of  Original  Capital  Costs 

IV  of  Major  Equipment  Replacement  Costs 

IV  of  Repair,  O&M,  and  Disposal  Costs 

Subtotal  Present  Value  Costs 

0 

385.220 
569,000 

954.220 

0 

280,760 

752,000 

1,032,760 

IV  of  20-Year  RDF  Revenue 

822,000 

697,000 

Net  Present  Value  dost 

132,220 

335,760 

20-Year  Production,  Tens 

300,000 

300,000 

Net  Present  Value  Cost  per  Ton 

$0.44 

$1.12 
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included  and  slightly  lower  than  the  hammermill  shredder  when 
idle  was  not  included.  The  hammermill  produced  a  finer  discharge 
material  particle  size,  which  may  be  beneficial  or  detrimental 
for  handling  and  combustion. 

Only  one  analysis  was  required  for  the  50-TPD  Navy  facility  under 
this  contract,  and  normally  this  would  have  been  conducted  for 
the  shear  shredder  due  to  its  ability  to  shred  the  Navy  waste  and 
its  anticipated  safety  advantages.  However,  the  shear  shredder 
had  a  measured,  average  daily  production  of  295  tons  compared  to 
75  for  the  hammermill.  As  a  result,  it  was  believed  both 
shredders  should  be  considered  in  this  projected  cost  analysis. 
A  better  match  between  the  hammermill  average  throughput  rate  and 
the  Navy  50-TPD  facility,  may  have  made  the  hammermill  a  cost- 
effective  alternative  compared  to  the  shear  shredder.  An 
analysis  was  conducted  for  each. 

PROCEDURE 

For  each  shredder,  analyses  were  done,  both,  including  the 
capital  facilities  costs  and  considering  the  capital  facilities 
costs  as  sunk  costs.  The  analyses  assumed  a  250  day/year  (50 
weeks  x  5  days/week)  shredding  station  operation  was  sufficient 
to  produce  the  fuel  required  for  a  heat  recovery  incinerator.  In 
general,  the  approach  was  the  same  as  that  for  the  Charleston 
County  SWRC  life  cycle  cost  analyses.  Nonetheless,  there  were 
some  very  important  differences. 

The  major  differences  involved  the  solid  waste.  First  a  value  of 
$5/ton  was  assigned  to  the  RDF-2  (coarse-shredded  MSW)  produced 
from  this  facility.  Second,  the  landfill  cost  was  considered  to 
be  v3.50  per  ton  (the  actual  Charleston,  SC  amount)  instead  of 
the  estimated  $1. 00/ton  incremental  cost  required  to  landfill 
unshredded  as  opposed  to  shredded  MSW.  Assigning  a  value  to  the 
RDF,  reduced  the  cost  of  shredding  by  adding  a  product  revenue 
stream.  This  was  apparent  for  both  the  shear  shredder  and  the 


hammermill  shredder  scenarios.  Utilizing  the  actual  Charleston 
landfill  cost,  preferentially  favored  the  shear  shredder.  Less 
than  1%  of  the  Navy  waste  samp!  ed  in  this  program  was  expected  to 
create  operational  problems  in  the  shear  shredder.  On  the  other 
hand,  over  15%  was  found  to  be  difficult-to-shred  or  unshreddable 
in  the  hammermill  and  was  expected  to  have  been  bypassed  to  the 
landfill. 

Another  key  difference  was  made  to  the  operations  and  the  labor 
requirements.  The  operations  labor,  which  was  estimated  by 
Charleston  County  officials  to  be  12  man-hours  (shear  shredder) 
and  11  man-hours  (hammermill)  per  shift,  was  reduced  by  a  ratio 
of  8  man-hours  divided  by  the  above.  It  was  believed  the  extra 
one-half  man-day  would  not  be  required  in  the  Navy  facility. 
Since  the  total  annual  production  of  the  facility  was  low 
compared  o  the  annual  capacity  of  each  shredder,  fixed  labor 
costs  (operation,  maintenance,  repairs)  were  proportionally 
increased  by  the  ratio  of  the  annual  capacity  of  each  shredder 
divided  by  the  annual  production  of  the  Navy  facility. 

Finally,  since  each  shredder  would  operate  at  less  than  capacity, 
it  was  assumed  the  shredders  would  not  be  allowed  to  idle  (be 
energized,  but  not  shred)  or  process  at  an  unproductive  capacity, 
but  would  process  for  shorter  periods  at  the  measured  average 
capacity  determined  in  this  program.  As  a  result  the  relatively 
fixed  costs,  such  as  labor,  were  increased  on  a  cost-per-ton 
basis,  but  the  power  consumption  costs/ ton  remained  the  same. 
Also,  the  life  expected  for  each  shredder  was  increased  from  the 
NAVFAC  guideline  for  operating  equipment  of  10  years  to  12  years. 

The  two  year  extension  of  the  useful  service  lives  of  both 
shredders  for  the  Navy  facility  were  based  on  the  fact  that  the 
shear  shredder  would  operate  at  only  17%,  and  the  hammermill 
would  operate  at  71%  of  its  demonstrated  capacity.  The  additional 
two  years  had.  the  effect  of  increasing  the  projected  life  cycle 
period  to  25  years  —  two  times  the  service  life  of  the  shredders 


plus,  in  the  preferred  analysis,  a  one  year  construction  period. 
The  service  life  of  the  shear  shredder  was  not  extended  beyond 
that  of  the  hammarmill  in  case  detrimental  factors  could  Le 
caused  by  operating  the  shear  shredder  at  less  than  20%  capacity. 
A  decision  was  made  to  stay  with  the  rated  capacity  shear 
shredder  rather  than  to  scale  down  to  a  smaller  unit.  This  was 
done  to  maintain  the  50”  by  96”  throat  opening  of  the  shredder  to 
physically  allow  the  bulkier  waste  to  be  shredded  rather  than 
bypassed  and  landfilled. 

DISCDSSICfT  or  RESULTS 

Cash  flow  analyses  for  a  Navy,  50  TPD  shredding  station  were 
developed.  A  cash  flow  diagram  for  the  shear  shredder,  requiring 
a  new  facility,  is  shown  in  Figure  4-1.  The  figure  shows  the 
capital  cost  of  the  facility  distributed  quarterly  over  the  first 
year  of  the  project.  This  is  the  construction  phase  and  was 
expected  to  be  completed  in  one  year.  Above  the  axis,  during 
Years  2  through  25,  are  the  operation  and  maintenance  costs, 
escalated  at  5%  annually.  Below  the  axis,  is  the  refuse-derived 
fuel  revenue  valued  at  $5/ton  in  1985,  also  escalated  5% 
annually.  At  Year  13,  twelve  years  after  initial  operations,  the 
shredder  is  replaced.  This  produced  a  high  capital  outlay  and 
fuel  revenue  one-half  than  normally  expected,  due  to  lost 
production  during  shut-down  of  the  plant. 

The  analysis  for  the  Navy  50  TPD  facility  showed  all  the  trends 
of  the  equipment  performance  evaluation,  RAH  analyses,  and 
Charleston  County  SWRC  life-cycle  cost  analyses.  Result  of  the 
analyses  are  shown  in  Table  4-1.  Mere  detailed  information  is 
shown  in  Appendix  L. 

In  the  expected  case,  when  a  new  facility  had  to  be  constructed, 
the  present  value  capital  costs  were  again  less  for  the 
hammermil 1 -shredding  approach  than  for  the  shear  shredder 
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Figure  4-1 
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($989,620  compared  to  $1,142,100).  The  present  value  of  shredder 
replacements  of  Year  13,  were  also  much  lower  for  the  hammermill 
($268,000)  than  the  shear  shredder  ($367,710). 

A  completely  different  result  was  found  in  the  operating  and 
maintenance  costs  compared  to  the  Charleston  SWRC  case.  Because 
the  shear  shredder  was  operated  at  such  a  low  percentage  of 
capacity,  the  operating  and  maintenance  costs  were  lower  than 
those  for  the  hammermill.  The  difference  was  $517,000  versus 
$683,000  when  calculated  on  a  present  value  basis.  Also,  the 
shear  shredder  could  physically  handle  more  material,  producing 
higher  fuel  revenues.  The  life-cycle  present  value  of  the  fuel 
was  $746,880  for  the  shear  shredder  and  $634,030  for  the 
hammermill.  The  operating  and  maintenance  cost  savings  and  the 
extra  fuel  revenues  more  than  compensated  for  the  higher  capital 
costs  of  the  shear  shredder  and  produced  a  net  present  value  cost 
per  ton  for  shredding  of  $4.27.  The  hammermill  net  present  value 
was  $4.36. 

A  similar  result  was  found  for  the  scenario  in  which  the  capital 
cost  for  a  facility  was  not  required.  Again,  the  present  value 
of  the  shredder  replacement  favored  the  hammermill  ($280,760 
compared  to  $385,220).  However,  operating  and  maintenance  costs 
were  less  for  the  shear  shredder  ($569,000  versus  $752,000)  and 
RDF  revenues  were  higher  ($822,000  versus  $697,000)  on  a  present 
value  basis  such  that  the  net  present  value  of  shredding  was 
$0. 44/ton  for  the  shear  shredder.  For  hammermill  shredding, 
there  was  an  associated  net  present  value  cost  of  $1. 12/ton  of 
waste  delivered.  RDF  revenues  were  different  in  this  case 
because  RDF  was  produced  d\iring  Year  1  through  Year  24  rather 
than  Year  2  through  Year  25. 
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CONCLUSIONS  ON  NAVY  50-TPD  FACILITY 


Although  the  exact  numbers  will  vary  with  site-specific 
conditions  of  power  cost,  labor  cost,  type  of  waste,  and  so 
forth,  the  general  trend  has  consistently  shown  the  shear 
shredder  to  offer  substantial  savings  compared  to  the  hammermill. 
Some  of  the  life-cycle  cost  analyses  assumptions  were  based  upon 
contractor  experience.  However,  the  key  elements  which  drove  the 
cost  of  shear  shredding  to  be  more  economical  than  the  hammermill 
shredding  operation,  were  the  parameters  which  were  measured 
during  6-month  performance  testing  under  this  contract. 
Specifically,  those  parameters  were  the  higher  throughput 
capacity  and  the  lower  labor  and  electrical  power  costs  per  ton 
of  waste  processed  for  the  shear  shredder.  It  should  be  noted 
that  these  analyses  assumed  all  shredded  products  were  consumed 
as  fuel.  Also,  there  was  no  benefit  assigned  to  the  finer-sized 
product  from  the  hammermill  shredder. 
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Appendix  A 


CEDARAPIDS  5096  SHEAR  SHREDDER 
MANUFACTURER'S  DATA 


A-l 


Form  15269 
Replace*  15269  6-SO 


Iowa  Manufacturing  Company 


SHEAR  TYPE  SHREDDERS 

for  municipal  solid  wastes 

MODELS  4672RS  &  5096RS 


Rotary  shear  shredders  will  virtually  shred  wastes 
including  those  which  cause  problems  in  hammermill 
type  units  and  turn  out  a  cleaner,  more  uniform  product 
for  use  in  combustible-waste  recovery  systems. 

Depending  on  the  type  of  waste  being  handled,  the 
Model  4672RS  can  shred  up  to  30  TPH  and  the  Model 
5096RS  up  to  60  TPH. 

The  shredder  handles  all  types  of  mixed  wastes,  from 
paper  products  to  white  goods,  simultaneously.  No  prior 
separation  is  necessary  nor  are  special  cutters  needed  for 
particular  types  of  refuse. 

Paper,  cardboard  and  newsprint  are  shredded  with 
ease  in  loose  or  baled  form.  These  units  also  slice  through 
troublesome  materials  such  as  foam  rubber,  bed  springs, 
mattresses,  carpeting,  wire  and  cable,  steel-belted  tires, 
pallets,  batteries,  etc. 

Cities  and  towns  faced  with  limited  disposal  areas  can 
prolong  the  useful  life  of  landfills  by  shredding  municipal 
wastes.  Shredded  wastes  reduce  volume,  compact  better 
and  discourage  infestation  by  rodents. 

The  shredded  product  is  one  from  which  heavy  and 
noncombustible  material  can  be  readily  separated  in 
subsequent  processing  units.  This  leaves  the  combustible 
material  for  use  as  a  high  quality  energy  source. 

In  addition,  the  slicing  action  and  tow  operating  speed 
produce  a  minimum  of  fines,  considered  a  contaminant 
in  combustible-waste  recovery.  Glass,  for  instance,  will 
tend  to  break  into  large  pieces  rather  than  be  pulverized 
into  fine  shards  which  imbed  in  the  combustibles. 

Nor  does  the  material  tend  to  clump  or  ball  up.  making 
further  processing  more  difficult. 

The  shredder  operates  at  low  speed  — ■  one  shaft  about 
40  RPM.  the  other  about  20  RPM.  This  reduces  noise, 
dust  and  minimises  hazards  from  fly:ig  debris  The 
possibility  of  explosions,  which  hr-se  occured  in 
hammermill  type  units  is  almost  eliminated 

Iowa  Manufacturing  Company  • 


The  shredder  is  jam  proof.  It  will  reverse  itself  to  clear 
the  jam  and  return  to  normal  operation  automatically. 

The  shredder  has  two  rows  of  counterrotating  cutter- 
discs.  keyed  to  shafts.  The  cutters  closely  mesh  during 
rotation. 

Material  is  caught  by  teeth  on  the  cutters  and  pulted 
into  the  center  cutting  zone.  The  edges  of  the  cutters  slice 
through  the  material  to  produce  a  uniform-sized  product. 
Cutlers  can  be  alternated  or  replaced  with  ones  of 
different  width  to  provide  different  product  sizes. 

The  shafts  are  driven  by  a  radial  piston  hydraulic 
motor(s)  from  a  patented  hydraulic  drive  system 
normally  powered  by  electric  motors.  If  hydraulic 
pressure  rises  too  high  due  to  potential  jamming,  a  switch 
will  cause  the  hydraulic  system  to  flow  automatically 
reverse.  The  shafts  rapidty  reverse  rotation  and  lift  the 
material  free. 

A  time-delay  switch  automatically  reverses  the  flow 
again  to  resume  full  speed  normal  shredding  and 
maintaining  torque 

The  jamming  and  anti-jamming  cycle  can  occur 
repeatedly  without  stress  on  the  shredder  or  drive  system. 
At  no  time  does  the  electric  motor,  hydraulic  pump  or 
other  power  supply  component  reverse  direction.  Down¬ 
time  for  drive-train  problems  is  virtually  eliminated. 

Other  safeguards  include  automatic  high  temperature 
and  low-oil  level  cutoffs. 

POWER  PACKAGE:  Includes  specially  insulated 
electric  motors  for  220- 440-3-60  power,  control  panel 
with  start  stop  buttons  and  indicator  lights. 

HYDRALT.IC  PACKAGE:  Includes  pump,  pumpdrive 
motors,  oil  reservoir,  heater  jnd  cooler,  high  temperature 
and  low  oil-level  cutoffs 

CEDAR  RAPIDS,  IOWA  •  U.S.A. 


MODELS  4672RS  &  5096RS  SHREDDER  SPECIFICATIONS 
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Dimensions  to  nearest  inch  and  (mm) 
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•Two  resmotfi. 

••Model  3046  requires  two  htdriulic  power  rich  powered  bs  two  ISO  HP  motor* 
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IOWA  MFG,  CO.  SHREDDER,  MODEL  5096 

HORSEPOWER . 200 

HO.  MOTORS . . . 2 

NO.  HYDRAULIC  PUMPS »  TYPE,  SIZE . 2  Dynapower 

HYDRAULIC  PUMPS  DISPLACEMENT . 21“ 

TOTAL  HYDRAULIC  FLOW  TO  MOTOR  . . 1.58  x  2  GPM 

HYDRAULIC  MOTOR  MODEL . MRH  525  x  2 

HYDRAULIC  MOTOR  DISPLACEMENT . . .  523.9  x  2  in  3/rev 

HYDRAULIC  MOTOR  SHAFT  SPEED . 70  RPM 

HYDRAULIC  MOTOR  TORQUE .  19,520  x  2  ft/lb 

SHAFT  TORQUE 

SLOW  SHAFT . •  39,040  ft/lb 

FAST  SHAFT .  30,646  ft/lb 

GEAR  RATIO 

SLOW  SHAFT .  2.000:1 

FAST  SHAFT .  1.570:1 

SHAFT  SPEED 

SLOW  SHAFT.  . . 35  RPM 

FAST  SHAFT . . .  ...  45  RPM 

CUTTER  DIAMETER . 26.5  Inches 

CUTTER  FORCE .  35,357  lbs. 

FEED  OPENING  AT  CUTTERS  .  . . .  96"  x  50“ 

SHREDDER  DIMENSIONS  (LxllxH) . . 157“  x  70“  x  60“ 

HYD.  POWER  PACK  DIMENSIONS  (l  x  W  x  H) . (2)  72"  x  96"  x  61“ 

ESTIMATED  WEIGHT  TOTAL  UNIT* .  52,000  lbs. 

^Hopper  and  Stand  Not  included  in  price  or  weight. 

ESTIMATED  THROUGHPUT  CAPACITIES 

GARBAGE  .  35-60  TPH  WHITE  GOODS  .  2.5-5  TPH 

PAPER/CARDBOARD  ....  7.5-10  TPH  COPPER  WIRE/ ACSR/ ALUM.  CABLE.  .  4-6  TPH 

ALUMINUM  SCRAP . 5-7  TPH  LOOSE  STEEL  CABLE . 3-4  TPH 

FERROUS  .416 . 4-5  TPH  TIRES-PASSENGER  .  (2“  CUT).  .  .  800-1000/Hr* 

IEAO  BATTERIES.  ....  20-30  TPH  TIRES-TRUCK  .  .  .  (2“  CUT).  .  .  150-200/Hr* 

WOOD  PALLETS .  400/Hr  STEEL  DINS. . 10-15  TPH 

55- GALLON  DRUMS  ....  500/Hr  ALUMINUM  CANS  .  5-7.5  TPH 

*Tires-Passenger.  .  .  .  (V  Cut) .  1200-1400/Hr 

Tires-Truck . (4**  Cut).  ....  360/Hr 


IOWA  MRS.  SHREDDER 


MODEL  5096 ,  400  HP 


GARBAGE 

35-60  Tons  Per  Hour 

PAPER/CARDBOARD 

15,000-20,000  Lbs/Hour 

ALUMINUM  SCRAP 

10,000-14,000  Lbs/Hour 

FERROUS  #16  AND  BELOW 

8,000-10,000  Lbs/Hour  (Med.  Gauge) 

LEAD  BATTERIES 

40,000-60,000  Lbs/Hour  (Industrial) 

WOOD  PALLETS 

400  Per  Hour  (Heavy) 

55-GALLON  DRUMS 

500  Per  Hour 

WHITE  G000S 

5,000-10,000  Lbs/Hour  (Medium) 

COPPER  WIRE/ACSR/ALUM.  CABLE 

8,000-12,000  Lbs/Hour  (Med.  -  Heavy) 

LOOSE  STEEL  CABLE 

6,000-8,000  Lbs/Hour  (Med.  -  Heavy) 

TIRES  -  PASSENGER  -  2"  CUT 

800-0000  Tires  per  Hour 

TIfitS  -  PASSENGER  -  A"  CUT 

1,200-1,400  Tires  per  Hour 

TIRES  -  TRUCK  -  2"  CUT 

150-200  Tires  oer  Hour 

TIRES  -  TRUCK  4"  CUT 

360  Tires  per  Hour 

STEEL  CANS 

20,006  -  30,000  Lbs/Hour 

ALUMINUM  CANS 

_ 

10,000  -  15,000  Lbs/Hour 

IOWA  MFC.  SHREDDERS 
THROUGHPUT  BATE- 
AND  SHRED  SI ZE  POLICY 

The  above  rates  of  throughput  have  been  determined  by  testing  representative  samples, 
and  have  been  extrapolated  to  approximate  shred  rates  for  the  various  materials. 

Iowa  Manufacturing  Company  will  not  guarantee  any  throughput  rates  or  shred  sizing 
required  by  jny  customers  or  representatives.  Nor  will  we  be  responsible  for  any 
such  guarantee  made  by  its  representatives  to  any  customer  of  Iowa  Mfg.  Company.'* 
This  information  on  this  sheet  is  an  approximation  of  actual  data  ns  well  as  theor¬ 
etical  data  of  throughput  rates.  These  are  not  to  be  warranted  nor  guaranteed  in 
any  shape  or  form.  This  data  is  to  be  used  only  to  show  the  difference  in  capabil¬ 
ities  of  the  various  shredders.  Throughput  rates  can  be  greatly  affected  by  material 
size,  mode  of  input  feeding,  size  of  hopper,  opening  and  design,  size  or  shredder, 
horsepower,  cutter  size,  and  in  no  manner  be  apprc<i;-it'-d  without  specific  testing 
of  the  material. 
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HEIL  42-F  VERTICAL-SHAFT  HAMMERMILL 
MANUFACTURER ' S  DATA 


THE  HEIL  CO. 

3000  W  MONTANA  ST.,  PO  SOX  593.  MILWAUKEE.  WISCONSIN  53201.  US 
TELEPHONE  (414)  647-3333  •  CABLE  ADDRESS  HEILCO  •  TELEX  026  6 


July  7,  1980 


MODEL  42F  SERIES  SHREDDER  SPECIFICATIONS 


1 . 1  Scops 

This  specification  describes  the  Heil  Model  42F  Vertical 
Shaft,  Dual  Rotation  Shredder. 

1.2  Specifications 

a)  Rated  Capacity  10  -  25  TPH*  (Unprocessed  Refuse) 

b)  Overall  Dimensions  Length  Width  Height 

Basic  Shredder  ll'-l-3/8"  10'-4"  9'-9-3/4" 

Shredder  with  Infeed, 

Reject  and  Discharge 
Hoods 

c)  Throat  Diameter 

d)  Infeed  Opening 

e)  Weight 

f)  Motor  Horsepower 

g)  RPM 


15  '-5*'**  l3'-3n**  16  '-1-1/2“ 

42" 

36"  x  66" 

15,700  lbs 
250  HP 

1200  Nominal 


1.3  Construction 
1.3.1  Body 

The  body  cylinder  is  4’-4-l/4"  diameter  x  5'-5-9/19"  high 
and  is  made  of  5/8"  HRS.  A  motor  mounting  frame  19-1/4" 
high  x  33"  wide  is  fully  welded  to  the  body  cylinder  directl; 
opposite  the  discharge  opening.  It  is  made  of  5/8"  HRS 
with  a  1"  HRS  top  plate  and  is  reinforced  with  six  vertical 
stiffeners  made  of  5/8"  HRS.  The  motor  mounting  frame  has 
a  14-1/2"  high  x  18"  wide  screened  access  opening  on  each 
side  of  the  motor  mounting  frame  and  one  16"  wide  x  14-1/2" 
high  screened  access  opening  on  the  rear  of  the  frame. 


SWS  73324-780 
Replaces  SWS  73324-976 
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The  body  cylinder  and  motor  frame  are  fully  welded  to  a 
common  5/8"  HRS  base  plate. 

The  1-1/2"  thick  flange  welded  to  the  upper  portion  of 
the  cylinder  provides  a  mating  surface  for  the  upper  cone 
portion  of  the  shredder.  Flanges  and  cylinder  are  rein¬ 
forced  with  six  5/8"  HRS  vertical  stiffeners,  fully  welded 
to  the  cylinder,  base  plate  and  upper  flange. 

The  cylinder  body  has  two  14-1/2"  high  x  18"  wide  screened 
access  openings  and  two  18"  wide  x  24-3/8"  high  access 
openings  with  hinged  doors  located  30"  above  the  base  plate. 
The  access  doors  are  curved  to  the  contour  of  the  cylinder 
body  and  made  of  5/8"  HRS.  They  are  reinforced  with  two 
5/8"  thick  x  4-1/2"  wide  horizontal  stiffeners  and  six 
1/2"  thick  vertical  stiffeners. 

The  discharge  opening  is  29"  wide  and  can  be  adjusted  to 
5",  10",  or  15-1/2"  in  heig  ,t,  depending  on  customer 
particle  size  requirements. 

Entire  body  section  is  bolted  to  upper  cone  sgction  by 
twelve  1"  diameter  bolts  equally  spaced  at  30°.  Base  and 
discharge  can  therefore,  be  positioned  at  any  one  of  12 
locations  with  respect  to  the  infeed  opening. 


1/2"  thick  cone  liners  are  held  in  place  by  countersunk 
bolts  and  external  nuts. 

1-1/4"  thick  ribbed  cast  manganese  grind  chamber  liners 
are  retained  by  countersunk  bolts  and  locknuts. 

Discharge  lip  liners  of  1-1/2"  thick  cast  manganese  are 
held  by  countersunk  bolts  and  nuts. 

Other  areas  are  protected  by  2"  thick  HRS  liners. 


1.3.3  Top  Bearing  Support 

The  top  bearing  support  separates  the  infeed  and  reject 
openings  and  is  24-3/4"  wide  x  121-1/4"  long  x  11-3/8" 
high.  It  is  made  of,  and  reinforced  with  7"  channels 
fully  welded  to  the  1/2"  thick  base  plate.  This  support 
is  bolted  to  the  top  of  the  cone  for  shipping. 
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1.3.4  Reject  Hood 

This  hood  is  mounted  on  top  of  the  shredder  opposite  the 
infeed  hood.  Construction  is  of  3/8"  plate,  fully  welded 
with  a  22"  x  24"  access  door  in  the  rear  sloping  panel. 

It  is  designed  to  give  an  escape  point  for  all  heavy  non¬ 
reducible  items.  This  is  done  by  deflecting  them  in  an 
upwards  path  over  the  extended  cone  side  and  downward 
through  external  reject  chute. 


1.3.5  Infeed  Cover 

Consists  of  1/2"  HRS  cover  plate  complete  with  2"  x 
1-1/2"  x  1/4"  angles  framing  the  infeed  opening  and  is 
bolted  to  top  of  cone  and  bearing  support  frame. 


1.3.6  Infeed  Hood 

The  infeed  hood  is  made  of  3/16"  plate  and  includes  a  36" 
x  24"  access  door.  A  rubber  seal  connects  the  hood  to 
the  shredder  infeed  cover.  Hood  is  supported  by  infeed 
conveyor  framework. 


1.3.7  Rotor  Assembly  -  General 


Rotor  assembly  consists  of  a  6-5/8"  diameter  x  104-1/8" 
long  shaft  with  fifteen  rotor  hubs  stacked  to  provide  a 
74"  long  working  area. 

Stacked  rotor  hubs  and  discs  permit  fourteen  layers  of 
hammers  with  provisions  for  a  wide  variety  of  hammer 
patterns  and  quantities  in  each  layer. 

A  total  of  38  hammers  are  normally  used  for  primary 
snredding  of  municipal  refuse.  Other  quantities  and 
hammer  patterns  are  available  from  Heil  for  special 
shredding  applications. 

Hammer  shafts  are  staggered  to  allow  rapid  selective 
removal  of  hammers.  Tip  to  tip  distance  of  hammers  in 
upper  section  is  32-1/2",  in  the  middle  section  27-1^2”, 
and  in  the  lower  section  42-1/2".  Rotor  assembly  WK  ,  ^ 
complete  with  standard  hammer  compliment,  is  2920  lb/ft  . 


Page  4 

Model  42F  Series  Shredder 
July  7,  1980 


The  main  shaft  is  constructed  of  4140  steel. 


Diameter  at  center  of  rotor  area  -  6.623" 

Diameter  at  bearings  -  top  radial  -  4.921" 

-  bottom  radial  -  5.905" 

-  bottom  thrust  -  5.118" 

Diameter  at  sheave  -  4.125" 


1.3.8  Rotor  Hubs  and  Discs 

Each  rotor  segment  consists  of  a  3/4"  or  1"  HRS  disc 
welded  to  a  6-5/8"  I.D.  x  9-1/4"  or  10-1/2"  OD  cast 
steel  hub.  Hub  and  disc  assembly  is  keyed  to  main  shaft. 
Discs  vary  in  diameter  from  18"  to  29"  and  are  furnished 
with  3"  diameter  1117  CFR  hammer  spaces. 


1.3.9  Hammers 


Material 

Type 

Weight 

Quantity 


1060  HR  Bar 
Free  Swinging 
14.25  lbs.  each 
38  *** 


1.3.10  Hammer  Shafts 


Rotor  contains  18  1-3/8"  diameter  1144  CDS  stress-proof 
hammer  shafts.  Six  shafts  (22-7/8"  long)  in  the  upper 
rotor  section,  six  shafts  (32-1/2"  long)  in  the  middle 
rotor  section  and  six  shafts  (32-1/2"  long)  in  the  lower 
rotor  section.  Shaft  ends  are  drilled  and  tapped  for 
ease  of  removal. 


1.3,11  Rotor  Shaft  Bearings 

Top  Radial:  SKF  double  row  spherical  roller  bearing 

Bottom  Radial:  SKF  double  row  spherical  roller  bearing 

Bottom  Thrust:  SKF  single  row  spherical  roller  bearing 

1.3.1'-  Rotor  Shaft  Bearing  Seals 

Bearing  seals  are  double  labyrinth  backed  by  neoprene 
oil  seals. 


1.4  Lubrication 


Top  bearing  is  grease  packed  and  replenished  by  grease 
gun  through  grease  fitting  in  bearing  housing  cap. 
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Bottom  bearings  are  lubricated  and  cooled  by  automatic 
system  utilizing  bottom  thrust  bearing  for  circulation. 

1)  Lube  tank  is  complete  with  base  plate,  cover,  drain 
plug,  return  line,  feed  line  and  overflow  line 
entrance  ports. 

1)  Oil  level  gage. 

1)  Oil  level  switch. 

All  necessary  tubes  and  fittings  for  connecting  to  lower 
bearing  housing. 

Lube  system  is  bracket  mounted  directly  to  the  side  of 
the  shredder  and  is  shipped  completely  assembled. 


1.5  Motor  -  T.E.F.C. 


250  HP,  447  TD,  "T"  Frame  -  "D"  Flange,  vertical  (shaft 
down)  induction  motor.  3  phase.  60  hertz.  460  volt. 
1750  RPM.  Class  "F"  insulation.  Motor  will  be  manually 
reversed  and  is  protected  by  three  normally  closed  heat 
sensors.  Motor  to  be  furnished  with  space  heaters  and 
mounted  on  slide  base. 


1.6  Drive 

Consisting  of  the  following: 

1)  6  groove  8V  -  13.2"  O.D.  A-2  web  center  QD  type 
sheave . 

1)  6  groove  8V  -  20..0"  O.D.  B-3  arm  center  QD  type 
sheave . 

2)  QD  type  bushings. 

1)  Set  of  2  matched  3  groove  8V  1500  V-belts. 


*  Depends  on  customer  requirements,  throughput,  particle 
size,  etc. 

**  Assumes  discharge  direction  perpendicular  to  infeed,  can 
be  located  in  12  locations  (30°  increments) . 

***  A  normal  compliment  of  38  hammers  produces  shredded  material 
90%  minus  3". 


Other  quantities  and  hammer  patterns  are  available,  depending 
on  customer  particle  size  requirements. 
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Hell  shredders  are  uniquely  designed  and  constructed 
to  handle  a  heterogeneous  assortment  of  commercial, 
industrial  and  municipal  solid  waste.  They  are  not  modi¬ 
fied,  converted  or  updated  units  which  were  originally 
•designed  and  manufactured  to  shred  only  homogenous 
materials.  The  Hell  shredder  is  designed  specifically 
for  refuse. 

The  Uiiiruo  Vc  rlicot  Shr.fi  Frfttc.ipfe 

The  Heil  shredders  are  unique  by  design  —  different 
from  all  other  shredders  in  today’s  market.  For  an  "up- 
close"  look  at  this  vertical  shaft  design,  follow  the  solid 
waste  through  the  cutaway  drawings  on  the  next  page. 
The  vertical  shaft  principle  embodied  in  the  Heil  shred¬ 
der  results  In  the  following  installation  economies  and 
operational  advantages. 

Reduced  requirements  for  concrete  foundations. 
Horizontal  discharge  can  be  located  in  any  of  12 
pos:tions  for  a  trouble-free  flow  of  refuse  onto  an 
economical  rubber  belt  discharge  conveyor.  No  ex¬ 
pensive  metal  discharge  conveyor  is  required  to  re¬ 
move  the  shredded  material. 

Cone  shape  and  decreasing  clearances  between 
hammers  and  shredder  liners  combine  to  produce 
a  gradual  reduction  in  particle  size.  Smooth  shred¬ 
ding  action  eliminates  need  for  grates,  resulting  in 
low  power  consumption  and  reduced  maintenance 
costs. 

Low  height  of  infeed  hood  reduces  machine  height 
which  In  turn  means  lower  building  enclosure  height. 
Lower  infeed  hood  can  be  used  because  hammers 
swing  In  a  horizontal  plane  and  do  not  throw  items 
upward  as  in  horizontal  shaft  shredders. 

Heil  shredders  are  much  less  subject  to  damage  tie- 
cause  large,  non-biireudaute  objects  are  ballistically 
rejected.  This  ejection  principle  assures  less  wear- 
and-tear  and  a  very  high  percentage  of  machine 
availability. 

Heft  shredders  are  designed  for  dual  rotation,  so 
hammer  life  is  greatly  increased  prior  to  changing 
or  rebuilding. 

There  are  no  grates  to  become  clogged,  broken  and 
worn-out,  causing  costly  maintenance,  downtime  and 
replacement  problems. 

Only  those  hammers  in  the  final  grind  stage  are  sus¬ 
ceptible  to  heavy  wear.  These  final  grind  hammers 
are  readily  accessible  tor  replacement  or  rebuilding. 
Ferrous  recovery  product  density  accomplished  by 


Heii  shredders  is  highly  acceptable  for  the  detinning 
and  copper  precipitation  markets. 
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The  Heil  vertical  shaft  principle  is  only  part  of  the  story. 
It  is  also  the  uniquely  rugged  way  the  Heii  shredder  is 
constructed  that  makes  possible  the  best  end  results. 
The  Heii  shredder  permits  an  infinite  combination  of 
components  to  produce  any  desired  shredded  product 
sizing. 

Sherrincj  /  alien.  The  Heil  vertical  shaft  design  allows 
the  incoming  material  to  drop  through  the  free  swinging 
hammers.  The  hammers  perform  their  efficient  shearing 
action  by  impacting  the  material  as  it  drops  through  the 
machine.  Heil  employs  a  relatively  thin,  flat  hammer, 
eliminating  the  need  for  costly  grates  at  the  discharge 
opening.  Heil’s  efficient  shearing  action,  combined  with 
the  cone  shape  of  the  prebreak  section,  reduces  the 
total  horsepower  requirements  as  compared  to  other, 
types  ot  grinding  equipment. 

H.  cr-Cru-;  :r r,,:  If  more  hammers  are  incorpo¬ 
rated  in  the  shredder,  it  will  substantially  increase  the 
WK  (an  expression  of  the  weight  arid  radius  of  the  rotor 
parts)  and  the  number  of  cutting  edges.  The  Heil  shred¬ 
der  can  incorporate  infinite  hammer  pattern  arrange¬ 
ments  in  order  to  vary  the  sizing  of  the  shredded  prod¬ 
uct.  Each  Heil  shredder  can  be  custom-designed  to 
match  the  application.  Once  the  motor  has  been  sized 
for  optimum  inertia  requirements,  the  Heil  shredder  can 
be  adapted  for  a  variety  of  pariicle  sizes  —  simply  by 
adding  or  subtracting  hammers.  No  other  alterations  or 
costly  grate  changes  are  required  to  change  the  parti¬ 
cle  sizing. 

Ballistic  pc  pnretien  principle:  There  are  some  objects 
that  either  cannot  or  should  not  be  ground  to  a  small 
particle  size.  The  Heil  patented  ballistic  ejection  feature 
minimizes*  jams  and  damage  to  the  shredder  by  ejecting 
oversize  and  hard-to-grind  objects  such  as  hardened, 
dense  metal  objects.  Such  objects  are  propelled  through 
a  reject  hood  on  top  of  the  shredder  opposite  the  in- 
feed  opening,  This  ballistic  ejection  is  initiated  at  the 
second  stage  of  grinding.  See  cutaway  drawing  lor  de¬ 
tails.  The  automatic  ejection  feature  serves  as  a  safety 
valve  lor  the  equipment  and  reduces  the  need  tor  costly 
and  time-consuming  removal  of  items  from  the  refuse 
lo  be  processed.  No  additional  power  or  ancillary  equip¬ 
ment  is  necessary  for  this  most  important  leature. 
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L*  WitMfcA.  <■»!■  .  ■>!.  *UW-— Raw  refuse  enters  the  shredder 
through  a  large  infeed  opening.  All  material  to  be  shredded 
remains  inside  the  machine  and  is  not  thrown  back  up  into 
the  infeed  hood,  as  is  the  case  with  most  other  designs.  The 
Heil  infeed  hood  serves  only  to  direct  the  unprocessed  solid 
waste  into  the  shredder.  Massive  hammers  start  the  reduc¬ 
tion  process.  The  clearance  between  the  shell  of  the  ma¬ 
chine  and  hammer  swing  diameter  changes  dramatically  as 
the  material  travels  downward  through  the  conical  section  of 
the  shredder.  Although  the  elapsed  time  is  very  short,  the 
more  "difficult  to  grind"  objects  are  retained  in  this  pre¬ 


break  section  until  sufficient  destruction  allows  the  object! 
to  drop  further  into  the  grinding  section.  Easier  material  con 
tinues  through  the  three  stage  process  without  interruptioi 
while  difficult  material  remains  in  the  prebreak  section.  Hart 
to  destruct  items  such  as  high  alloy  forgings  and  castings 
receive  numerous  blows  from  the  hammers  until  they  ari 
either  reduced  to  sufficient  size  to  enter  the  2nd  and  3r< 
stages  of  the  shredder  or  are  discharged  by  the  exclusiv< 
ballistic  ejection  principle. 


INFEED 


BALLISTIC 

EJECTION 


We  refer  to  this  area  as  the 
"neck”  section  of  the  mill.  At  this  point,  there  is  the  least 
amount  of  clearance  between  the  hammers  and  the  outer 
shell.  Hero,  the  particle  size  must  be  sufficiently  reduced  to 
allow  It  to  drop  down  Into  the  final  stage  of  grinding.  Items 
that  are  not  further  reducible  are  spun  out  of  the  neck  sec¬ 
tion  and  are  thrown  back  up  the  conical  section  and  out 
the  ballistic  ejection  opening.  The  amount  of  material  ejected 
will  vary  with  the  incoming  mix  The  amount  of  rejected  ma¬ 
terial  can  be  controlled  by  adjusting  the  size  of  the  reject 
opening  and  the  flexible  rubber  curtain.  Normal  eiected  ma¬ 
terial  ranges  from  Vi  of  1%  to  3%  by  weight  —  an  insignifi¬ 
cant  amount  m  terms  of  volume  In  most  installations,  the 
reacted  material  is  dropped  harmlessly  onto  (he  common 
discharge  convovor  along  with  the  shredded  material 


THIRD  STAGE  once  partiaUy  shredded  mate¬ 
rial  passes  the  neck  section,  it  enters  the  final  grind  stage 
where  If  Is  "battered"  again  by  these  same  massive  ham¬ 
mers  against  breaker  bars  (projections  along  the  shell  Ifners 
perpendicular  to  the  swing  of  the  hammers).  The-ftnal 
shredded  product  is  then  swept  out  through  the  discharge 
opening.  This  aperture  Is  an  unobstructed  opening.  A  dis¬ 
charge  impact  area  of  heavy  sieel  construction  absorbs  the 
force  of  the  shredded  product,  allowing  the  material  to  drop 
harmlessly  onto  a  rubber  belt  discharge  conveyor 


"The  cutaway  drawing  shown  is  a  "hybrid  machine''  which  com¬ 
bines  the  configurations  o I  all  Heil  shredders  —  the  high  volume 
Senei  92.  the  high  to  medium  volume  Senes  72  and  tho  medium 
to  tew  volume  Senes  <2  White  detailed  dns^n  and  con.truction 
vanci  on  the  three  machines,  bavc  operation  ,s  idenvMi  on  ail 
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NAVY  WASTE  SAMPLES 
INDIVIDUAL,  REFINED  DATA  SHEETS 


C-l 


1 


DATE 
BASE  ID 


SAMPLE 

N-l 


22-Feb 
BLDG  198 

UNSHREDDABLE  HARD  TO  SHRED 

SHEAR  HMML.  SHEAR  HMML. 


GROSS  WEIGHT,  LBS. 
TARE  WEIGHT,  LBS. 
NET  WEIGHT,  LBS. 
VOLUME,  CU.FT. 
USAGE 

NET  VOLUME,  CU.FT. 
DENSITY,  LB. /CU.FT 


7340 

1080 

0.95 

1026 

7.2 


PAPER 

PLASTIC 

Light 

Heavy 

Other 

RUBBER 

Tires 

Other 

CARDBOARD 

TEXTILES 

WOOD 

Pallets 

Other 

MISC.  ORGANICS 
GLASS 

INERTS/CERAMICS 

FERROUS 

Cable/Strapping 

Other 

NONFERROUS 

Cable 

Other 

OTHER/SPECIAL 
Aerosol  Can 
Paint 
Solvents 
Oil 

Insulation 


6503 


80 

50 

60 


420 

15 


25 

20 

100 

20 

2 


5 

15 


10 


15 


TOTAL 

PERCENT 


7340 


0 

0 

0 


0 

0 


0 

0 

0 

0 

0 


0 

0 


0 

0.00 


0 

0 

0 


0 

0 


0 

0 

0 

0 

0 


0 

0 


0 

0.00 


0 

0 

0 


0 

0 


0 

0 

0 

0 

0 


0 

0 


0 

0.00 


o 

0 

0 


0 

o 


0 

o 

o 

0 

0 


0 

o 


o 

0.00 


DATE  14-Mar 

BASE  ID  N.  Side  BLDG  1601 


SAMPLE  UNSHREDDABLE  HARD  TO  SHRED 

N-2  SHEAR  HMML .  SHEAR  HMML. 


GROSS  WEIGHT,  LBS. 
TARE  WEIGHT,  LBS. 


NET  WEIGHT,  LBS. 

5160 

VOLUME,  CU.FT. 

1080 

USAGE 

0.90 

NET  VOLUME,  CU.FT. 

972 

DENSITY,  LB. /CU.FT 

5.3 

PAPER 

20 

0 

PLASTIC 

Light 

1380 

0 

Heavy 

90 

0 

Other 

30 

0 

RUBBER 

Tires 

Other 

90 

0 

CARDBOARD 

1956 

0 

TEXTILES 

15 

0 

WOOD 

Pallets 

Other 

820 

0 

MISC.  ORGANICS 

640 

0 

GLASS 

60 

0 

INERTS/CERAMICS 

1 

0 

FERROUS 

Cable/S trapping 

Other 

45 

0 

NONFERROUS 

Cable 

Other 

13 

0 

OTHER/SPECIAL 
Aerosol  Can 


0  0  0 


0 

0 

0 


0 

0 

0 


0 

0 

0 


0 

0 

0 


0 

0 

0 

0 


0 

0 

0 

0 


0  0  20 

0  0  0 


Paint 

Solvents 

Oil 

Insulation 


TOTAL 

PERCENT 


S160 


0 

0.00 


0 

0.00 


0 

0.00 


20 

0.39 


ooo  ooo  oooo 


DATE  21-Mar 

BASE  ID  CIA  Area  BLDG  228 

sesssasasasaszs3sa:::sa3sssssssa:ssssss= 

SAMPLE  UNSHREDDABLE  HARD  TO  SHRED 

N-3  SHEAR  HMML.  SHEAR  HMML. 


GROSS  WEIGHT,  LBS. 

TARE  WEIGHT,  LBS. 

NET  WEIGHT,  LBS.  2940 

VOLUME,  CU.FT.  1080 

USAGE  0.95 

NET  VOLUME,  CU.FT.  1026 

DENSITY,  LB. /CU.FT  2.9 


PAPER 

3 

0 

0 

PLASTIC 

Light 

90 

0 

0 

Heavy 

5 

0 

0 

Other 

4 

0 

0 

RUBBER 

Tires 

Other 

60 

0 

0 

CARDBOARD 

2173 

0 

0 

TEXTILES 

175 

0 

0 

WOOD 

Pallets 

220 

0 

0 

Other 

3 

0 

0 

MISC.  ORGANICS 

30 

0 

0 

GLASS 

NERTS/CERAMICS 

110 

0 

0 

Fk'RROUS 

Cable/Strapping 

3 

0 

0 

Other 

20 

0 

0 

NONFEPROUS 

Cabi« 

Other 

4 

0 

0 

OTHER/SPECiAL 

Aerosol  Cen 

Paint 

Solvents 

Oil 

Insulation 

40 

0 

0 

0  0 


0 

0 

0 


0 

0 

0 


0  0 

0  0 

0  45 


0 

0 

0 


25 

0 

0 


0  0 

0  0 
0  0 


0  0 


0  0 


TOTAL 


2940  0 


O  0  70 


PERCENT 


0.00  0.00  0.00  2.38 


DATE 

16-May 

BASE  ID 

BLDG 

1603 

SAMPLE 

UNSHREDDABLE 

HARD  TO  SHRED 

N-4 

SHEAR 

HHML. 

SHEAR  HMML. 

GROSS  WEIGHT,  LBS. 

36700 

TARE  WEIGHT,  LBS. 

31940 

NET  WEIGHT,  LBS. 

4760 

VOLUME,  CU.FT. 

1080 

USAGE 

0.90 

NET  VOLUME,  CU.FT. 

972 

DENSITY,  LB. /CU.FT 

4.9 

PAPER 

PLASTIC 

2315 

0 

0 

0 

60 

Light 

30 

0 

0 

0 

0 

Heavy 

Other 

• 

RUBBER 

Tires 

Other 

2 

0 

0 

0 

0 

CARDBOARD 

1880 

0 

800 

0 

0 

TEXTILES 

WOOD 

65 

0 

62 

62 

0 

Pallets 

Other 

450 

0 

450 

0 

0 

MISC.  ORGANICS 
GLASS 

INERTS/CERAMICS 

FERROUS 

Cable /Strapping 
Other 

12 

0 

0 

0 

0 

NONFERROUS 

Cable 

Other 

1 

0 

0 

0 

0 

OTHER/SPECIAL 

Aerosol  Can 

1 

0 

1 

0 

0 

Paint 

Solvents 

Oil 

Insulation 

3 

0 

0 

0 

0 

TOTAL 

4759 

0 

1313 

62 

60 

PERCENT 

0.00 

27.59 

1.30  1 

.26 

5a 


& 


DATE 
BASE  ID 


BLDG 


23-May 

67 


SSSSSBSXSS3SSSSS 


isaxssssssasaasseasssas 


Paint 

Solvents 

Oil 

Insulation 


TOTAL 

PERCENT 


2900 


19 

0.66 


60S 

20.86 


0 

0.00 


SAMPLE 

UNSHREDDABLE 

HARD  TO  SHRED 

N-5 

SHEAR  HMML 

• 

SHEAR  HMML 

* 

GROSS  WEIGHT,  LBS. 

35840 

TARE  WEIGHT,  LBS. 

32940 

NET  WEIGHT,  LBS. 

2900 

VOLUME,  CU.FT. 

1080 

USAGE 

0.90 

NET  VOLUME,  CU.FT. 

972 

DENSITY,  LB. /CU.FT 

3.0 

PAPER 

1056 

0 

0 

0 

300 

PLASTIC 

Light 

48 

0 

0 

0 

0 

Heavy 

1 

0 

0 

0 

0 

Other 

RUBBER 

Tires 

Other 

16 

0 

0 

0 

0 

CARDBOARD 

1200 

0 

150 

0 

400 

TEXTILES 

1.5 

0 

0 

0 

0 

WOOD 

Pallets 

385 

0 

385 

0 

0 

Other 

83 

0 

39 

0 

0 

MISC.  ORGANICS 

2 

0 

0 

0 

0 

GLASS 

1.5 

0 

0 

0 

0 

INERTS/CERAMICS 

15 

0 

0 

0 

0 

FERROUS 

Cable/Strapping 

29 

0 

0 

0 

c 

Other 

37 

0 

11 

0 

37 

NONFERROUS 

Cable 

Other 

24 

19 

19 

0 

0 

OTHER/SPECIAL 

Aerosol  Can 

1 

0 

1 

0 

0 

737 

2S.41 


w 


Me 


as? 


asj 

m 


m 


m 

m 


w\« 
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DATE 

30-May 

BASE  ID 

PIER 

Q 

3  =  «  3S  35  S  S3  53  = 

5 

ii 

H 

II 

it 

ii 

ii 

n 

II 

ii 

n 

ii 

n 

ii 

il 

SAMPLE 

UNSHREDDABLE 

HARD  TO  SHRED 

N-6 

SHEAR 

HMML. 

SHEAR  HMML. 

GROSS  WEIGHT,  LBS. 

4200C 

TARE  WEIGHT,  LBS. 

32940 

NET  WEIGHT,  LBS. 

9060 

VOLUME,  CU.FT. 

1080 

USAGE 

0.95 

NET  VOLUME,  CU.FT. 

1026 

DENSITY.  LB. /CU.FT 

8.8 

PAPER 

PLASTIC 

1450 

0 

0 

0 

0 

Light 

80 

0 

0 

0 

0 

Heavy 

Other 

40 

0 

0 

0 

0 

RUBBER 

Tires 

Othex* 

470 

0 

430 

0 

0 

CARDBOARD 

800 

0 

0 

0 

0 

TEXTILES 

WOOD 

390 

0 

0 

0 

30 

Pallets 

Other 

30 

0 

0 

0 

0 

MISC.  ORGANICS 

5500 

0 

0 

0 

0 

GLASS 

40 

0 

0 

0 

0 

INERTS/CERAMICS 

FERROUS 

60 

0 

0 

0 

60 

Cable/Strapping 

Other 

90 

0 

40 

40 

0 

NONFERROUS 

Cable 

29 

0 

0 

0 

0 

Other 

76 

0 

0 

0 

0 

OTHER/SPECIAL 

Aerosol  Can 

4 

0 

0 

0 

0 

Paint 

Solvents 

Oil 

Insulation 

1 

0 

1 

0 

0 

TOTAL 

9060 

0 

471 

40 

90 

PERCENT 

0.00 

5.20 

0.44  0 

.99 

U-Jul 


DATE 

BASE  ID  PIER  M 


SAMPLE 

:s:sss==ssss5=a 

UNSHREDDABLE 

:s==ss=3ssa&ss 

HARD  TO  SHRED 

N-7 

SHEAR  HMML. 

SHEAR 

HMML. 

GROSS  WEIGHT,  LBS. 

41420 

TARE  WEIGHT,  LBS. 

32920 

NET  WEIGHT,  LBS. 

8500 

VOLUME,  CU.FT. 

1080 

USAGE 

0.95 

NET  VOLUME,  CU.FT. 

1028 

DENSITY,  LB. /CU.FT 

8.3 

PAPER 

PLASTIC 

790 

0 

0 

0 

0 

Light 

90 

0 

0 

0 

0 

Heavy 

Other 

30 

0 

0 

0 

0 

RUBBER 

Tires 

Other 

20 

0 

0 

0 

0 

CARDBOARD 

1100 

0 

0 

0 

0 

TEXTILES 

WOOD 

195 

0 

0 

0 

0 

Pallets 

70 

0 

0 

0 

0 

Other 

1400 

0 

450 

0 

1000 

MISC.  ORGANICS 

44S3 

0 

0 

0 

0 

GLASS 

I NT STS /CERAMICS 
FERROUS 

78 

0 

0 

0 

0 

Cable /Strapping 

9 

0 

0 

0 

0 

Other 

105 

0 

40 

0 

20 

NONFERROUS 

Cable 

Other 

100 

0 

0 

0 

12 

OTHER/SPECIAL 

Aerosnl  Can 
Paint 

Solvents 

Oil 

Insulation 

60 

0 

0 

0 

0 

TOTAL 

8500 

0 

490 

0 

1032 

PERCENT 

0.00  5 

.76 

0.00 

12.14 

DATE 
BASE  ID 


BLDG 


25-Jul 

1502 


asssssxsssaas&sssssassssasssssssrsssssss 

SAMPLE  UNSHREDDABLE  HARD  TO  SHRED 

N-8  SHEAR  HMML.  SHEAR  HMML. 


GROSS  WEIGHT,  LBS.  34920 
TARE  WEIGHT,  LBS.  31680 
NET  WEIGHT,  LBS.  3240 
VOLUME,  CU.FT.  1080 
USAGE  0.85 
NET  VOLUME,  CU.FT.  918 
DENSITY,  LB. /CU.FT  3.5 


PAPER 

190 

0 

0 

PLASTIC 

Light 

128 

0 

0 

Heavy 

Other 

6 

0 

0 

RUBBER 

Tires 

Other 

CARDBOARD 

1494 

0 

400 

TEXTILES 

4 

0 

0 

WOOD 

Pallets 

670 

0 

670 

Other 

650 

0 

275 

MISC.  ORGANICS 

GLASS 

5 

0 

0 

INERTS/CERAMICS 

70 

0 

0 

FERROUS 

Cable/Strapping 

20 

0 

0 

Other 

NONFERROUS 

Cable 

Other 

1 

0 

0 

OTHER/SPECIAL 

Aerosol  Can 

1 

0 

0 

Paint 

Solvent* 

Oil 

Insulation 


0  0 
0  0 
0  0 


0  75 

0  0 

0  0 

O  125 

O 
0 

0  0 


O  0 

O  0 


TOTAL 


3239 


0  1345 


0  200 


PERCENT 


0.00 


41.53 


0.00 


6.17 


o  o 


DATE  15-Aug 

BASE  ID  BLDG  25 

SAMPLE  UNSHREDDABLE  HARD  TO  SHRED 

N-9  SHEAR  HMML.  SHEAR  HMML. 


GROSS  WEIGHT,  LBS.  35600 
TARE  WEIGHT,  LBS.  32920 
NET  WEIGHT,  LBS.  2680 
VOLUME,  CU.FT.  1080 
USAGE  0.70 
NET  VOLUME,  CU.FT.  756 
DENSITY,  LB. /CU.FT  3.5 


PAPER  592 

PLASTIC 

Light  20 

Heavy  9 

Other  8 

RUBBER 
Tires 
Other 

CARDBOARD  1650 

TEXTILES 

WOOD 

Pallets  210 

Other 

MISC.  ORGANICS  30 

GLASS  125 

INERTS/CERAMICS 
FERROUS 

Cable/Strapping  6 

Other  11 

NONFERROUS 
Cable 

Other  10 

OTHER/SPECIAL 
Aerosol  Can 
Paint 

Solvents  9 

Oil 

Insulation 

TOTAL  2680 


0  0 


0 

0 

0 


0 

0 

0 


0  0 


0  210 

0  0 
0  0 


0  0 

0  9 


0  0 


0  0 


0  219 


0  0 


O  0 


0  0 


0  0 


PERCENT 


0.00 


8.17 


0.00 


0.00 


oo  ooo  o  ooo 


DATE  22-Aug 

BASE  ID  BLDG  67 


SAMPLE  UNSHREDDABLE  HARD  TO  SHRED 

N-10  SHEAR  HMML.  SHEAR  HMML. 


GROSS  WEIGHT,  LBS.  35440 
TARE  WEIGHT,  LBS.  33100 
NET  WEIGHT,  LBS.  2340 
VOLUME,  CU. FT.  1080 
USAGE  0.70 
NET  VOLUME,  CU.FT.  756 
DENSITY.  LB. /CU.FT  3.1 


PAPER  220 

PLASTIC 

Light  90 

Heavy  12 

Other  9 

RUBBER 
Tires 

Other  9 

CARDBOARD  1300 

TEXTILES 
WOOD 

Pallets  110 

Other  550 

MISC.  ORGANICS 
GLASS  1 

INERTS/CERAMICS  8 

FERROUS 

Cable/Strapping  11 

Other  16 


0  0 


0 

0 

O 


0 

0 

0 


O  0 

0  130 


0  70 

0  0 


0  0 
0  0 


0  0 
0  0 


NONFERROUS 

Cable 

Other 

OTHER/SPECIAL 
Aerosol  Can 
Paint 
Solvents 
Oil 

Insulation 


TOTAL 

PERCENT 


2340 


650 


200 


0.00  27.78  0.00  8.55 


Appendix  D 


NAVY  WASTE  SAMPLES 
INDIVIDUAL,  RAW  DATA  SHEETS 


Component 


Weight 

(pounds) 


Comments 


Photographec 
Yes  No 


Paper 

* 

Plastic 

Light  (film) 

Heavy  (molded) 

Other  (foam,  etc) 

to 

dU«u. 

u- 

So 

COK+O-l  A<IAJS  1  C AKtttJdWf  t 

*»\j  y>7 ;  icM[o-~ju4  *4 

u— 

IpO 

u-"" 

Rubber ^ 

Tires 

Other  rubber 

- — 

Cardboard 

ijzo 

u-"' 

Textiles 

IS 

'Tai‘k>xa  C^*4^v. 

w-" 

Woodl°l 

Pallets 

Other  wood 

ts 

$/*%«-//  pc^_|(t i — 

_ 

Zo 

Ca <Kft  4  SmoJl  SCa*~q 

Hisc.  organics 

IOO 

vnoJ*y»li\ 

V- 

Glass 

ZO 

Soff'Us  ,  ffouy^S(jn<t 

Inerts/ceramics 

Z 

To+t**a 

v- — 

Ferrous  metals^0^ 
Cable/strapping 

Other  ferrous 

r 

U-" 

if 

C.fr-V'J  j  /*lifCtJI&~+S-jO  u-j 

u- — 

M 

Nonferrous  metals^ 

Cable 

Other  nonferrous 

x  — 

B 

10 

&  aw  c*  am(  j  To  i  lt  mist . 

Other/special  wastes 

o'd 

,10] 

ir 

V  2  p*J/oKt  in  flt-StiL 

mm 

IB 

(xl  Where  x  identifies  the  number  of  unshreddable  or  difficult-to 
shred  items,  described  on  separate  sheet(s). 


“"WW 


m 


mm 


SAMPLE  COMPOSITION 


Component 


Weight 

(pounds) 


Comments 


Photographed 
Yes  No 


( x ]  Where  x  identifies  the  number  of  unshrcddable  or  dif f icul t-to- 
shred  items,  described  on  separate  sheet(s). 


§--2/ -bv 


£  AM  PLF,  C.OM  POSITION 


Component 

Weight 

(pounds) 

Comments 

Photog  rapbec 
Yes  No 

Paper ^  ^ 

SO i there  of 

— 

Plastic^  J 

Light  (film) 

Heavy  (molded) 

Other  (foam#  etc) 

Qa*- 

s* 

|/ 

cj» 

Rubber  ^  ^ 

Tires 

Other  rubber 

O' 

'SInnG- 

_  _6o4_  __ 

Cardboard 

Textiles^  ^ 

-L'lZ*-. 

JhifyL&'S„  !s>  'tL  f  JtL>/2  e,  _ . 

Wood  ^  ^ 

Pallets 

Other  wood 

fa.lleAs 

-  - 

Misc.  organics^  ^ 

. _ 

L  3a* _ 

-  LlflqJ&um  _  . 

Glass 

__ 

Inerts/ceramics 

—-llOJt. _ 

Ferrous  metals^  ^ 
Cable/strapping 

Other  ferrous 

q  &■ 

j 

rfy)eJ<xLZS3 cels/  4 Lads 

I 

4 — 

-<£0± _ 

^  ;  1 

Nonferrous  metals^  J 

Cable 

Other  nonferrous 

* _ - 

_M±-_ 

ConSs.pi.eaes.  _ of. L  - 

.  q/ossl 

Other/special  wastes 

&\ _ 

1 1 

f/OJ*.-.  , 

(x]  Where  x  identifies  the*  number  of  unsb  r  eddabl  c  or  d  i  f  f  i  c  u  1  t  - 1  o 
shred  items#  describ'd  on  sepa rate  sheet  (:;)  . 


ip 

w 

w 


sample  com i vs j  t i  on 


Photographs 
Yes  No 


S-2  1-S>? 


■$fe| 


y.M 

W 

Is 

fe 


I 

$ 

•?!s« 


SAMPLE  COMPOSITION 


Component 


Paper 

Plastic 


Weight 

(pounds) 


/oSC 


Comments 


Photog 

Yes 


CAics  os  ,/,ui  F*p»Ft  i 

f oe>~s,  tf'J  m a*/*/*/  ^ 

fte-fZs&T. _ J  ^ 

Suckle.  Ps**,  jr.'i"*  p/+si*'c 

P^^o.f,‘h  9  P/eisii'C 


£-'30'S‘i 


SAMPLE  C.0MP0J?J.T1  OH 


ft*  Cvtl 
*11*1 

m 


■sa 

M 


m 

fyft 

.  #1 


01 

m 


m 


S 

®d 

8 

W1 


m 


m 


Component 


VJeight 

(pounds) 


Comments 


Photographed 
Yes  No 


Plastic 

Light  (film) 


Heavy  (molded) 


Rubber 


Other  rubber 
Cardboard 

- TPT - 

Textiles1  J 

pT - 

Pallets 


Other  wood 


organics 


Glass 


Ine  rt s/ceram ics 


Ferrous  metals 
Cable 


Other  ferrous 
Honfertous  metals 

Cable _ 

Other  nonfecrous 


Other/special  wastes 


/Yjs 


?o 


Vo 


\JtfO 


vi? 


% 


oft 


_  _  1 _ 


Aas776.  s&zzs,  t/ 


f0/J£ 


36e*L  JV&r7/AJ6- 


/fekS,  6h'/sai/ns/ 


Ares 

&0j>  fofert 

fva.  £rfesc£x>r  %s&rs,  <$3 

me s 

To/ttvr 

l/ 


i/ 


-iUl 


SAMPLE  CQM.PQ  SI  T I QH 


Component 

Weight 

(pounds] 

Comments 

Photogr 

Yes 

Paper ^  1 

790 

Con  pu.  fQ  r 
hOrcrtni^e./s  .  For  pis 

B 

Plastic^  1 

Light  (film) 

Heavy  (molded) 

Other  (foam,  etc) 

Qn 

-  fioas _ 

Rubber  ^  ^ 

Tires 

Other  rubber 

.  no 

/ 

noSG,  YuJb^,  Fccxpf 
rubber . 

Cardboard 

/too 

Textiles l  1 

Mr 

C<-CjS . 

Wood l  J 

Pallets 

Other  wood 

yo 

_  - *  - - - - 

Small  ^  a' /lets 

/‘'/GO 

nJp9t5<2.  Locdc!  „  /» 

JdyLoL.  VSIG  _ . 

L 

Misc.  organics^  ^ 

JzC&ici _ JGJQ, 

Glass 

nx 

_  _  Scii/e^ 5>  £•  .£erjzlci& 

Inerts/ceramics 

■no 

Jurat  ton.  ^ 

Ferrous  metals^  ^ 
Cable/strapping 

Other  ferrous 

9 

S+e<z!  Ccxbl^.  , 

Tin  Cans  Slrarpirc,  AccA 
UP  Nc  .  CUs£  tejrhsGStt 

*/_  -r_ 

Nonferrous  metals^  J 

Cable 

___ 

^  Drur^tS 

Other  nonferrous 

Other/special  wastes 

(  ] 

hr  v  /J>\ 

~/Tfc*~Nn,  Cans', 

%jJ)Luplo-  Aoh-k< 

Ccci/  eOir*^  ^ 

* 

T/iju/G//nn_  . 

— - - - * — 

■MM 

[x]  V/hcre  x  identifies  the  number  of  unsh r eddabl e  or  difficult 
shred  items,  described  on  separate  shcct(s). 


Component 

Weight 

(pounds) 

Paper ^ 

_ L9jO _ 

Plastic ^ 

Light  (film) 

Heavy  (molded) 

Other  (foam,  etc) 

_ LS.l. . 

Rubber  ^ 

Tires 

Other  rubber 

Cardboard 

Textiles  ^ 

.IHEd. _ 

Wood  M 

!  Pallets 

Other  wood 

i>no 

j  Misc.  organics^  1 

!'  Glass 

Inerts/ceramics 

___?Q _ 

t  Ferrous  metals^  ^ 

J  Cable/strapping 

!  Other  ferrous 

&  _ _ _  _ 

~?o 

j  Nonferrous  metals^  J 

\  Cable 

j  Other  nonfccrous 

/ . 

|  Othec/special  wastes 

1 

_♦  ,  t- 

1  1 

m 


t 

I 


SAM }‘li:  COM i*os j  T 1  OH 


Component 


Weight 

(pounds) 


Comments 


Ph 


CoMpu&or  'paces', 

■XhuAjjz&/.  .Mis 
p/asH L&CS 
P/os^Q  sAee±s 

•t'n  y  /  f  7^  /f/Tl 


o  u 

-U  V 

O* 


'3h, 

■ 


m 


m 


Paper 

Plastic 

Light  (film) 

Heavy  (molded) 
Other  (foam,  etc) 
Rubber^  ^ 

Tires 

Other  rubber 
Cardboard 
Textiles^  ^ 

Wood  ^  J 
Pallets 
Other  wood 
-Misc.  organics^  J 


Glass 


Inerts/ceramics 


Ferrous  metals^  * 
Cable/ strapping 
Other  ferrous 


Nonferrous  metals 
Cable 

Other  nonferrous 


Sh/sc.  -fbrr'S  i 

.  _  -Brjy^Ci  -pjxpea. _ 

Shee  ts;  &U6 6/< 

jr'CctQ.r'itXI 


L  _ 


.&O0. barge,  JZQj^LhaOrd-  M  0J<§ 

_ ~bloo<^ _ 


ShxG-//  Pc, //ers 


Sx/lC,ppjL/Dg—*/l l&.tC£jCL 

.  .bln  cJju  _  ST  tan _ 


bo _ Cnp.pea—pLp  e- , 


_ ^L/jena^  -e  _  .Cans.  _ 

_ pairLto._acs _ 


lx}  Where  x  identifies  the  number  of  unshreddable  or  difficult-to 
shred  items,  described  on  separate  sheet(s). 


Appendix  E 


DATA  SHEETS: 

SHREDDER  POWER,  TONNAGE  AND  LABOR 


Kl.  «  xill « f:_.  #: #2  sill  #3 

DATE  PukES  (wO  ?CW5E  (tors) 


02-Jan-6* 

83-Jan-84 

114 

144 

04~Jf*n~S* 

5; 

60 

05-Jan-84 

ill 

06-Jan-B4 

273 

07-Jan-84 

08-Jan-B* 

09-Jan-84 

338 

10-Jar-84 

333 

1 l-Jan-64 

78 

l2-Jan-84 

£79 

13- Jan-84 

285 

14-Jan-B4 

15- Jan-84 

l6-Jan-84 

i 7- Jan-84 

427 

76 

79 

•6- Jan-64 

!4i 

19-Jan-B* 

379 

59 

68 

£8-Jan-94 

m 

68 

61 

21-Jan-B4 

22- Jan-84 

23-Jan-84 

344 

5! 

91 

24-Jan-84 

388 

57 

59 

25- Jan-8* 

i% 

35 

25 

26-Jan-84 

290 

59 

65 

27-Jan-84 

325 

58 

62 

28-Jan-84 

29-Jan-84 

30-  Jan-84 

414 

153 

'M 

3i-Jar-84 

331 

151 

'M 

01-Feb-P4 

» 

16 

16 

02-^0-64 

72 

105 

114 

03“'eO-S4 

77 

65 

-Feb-64 

«frceb-84 

#5-.cS3-'84 

77 

80 

«7-*ets-84 

51 

100 

K-FfO-64 

28 

10 

12 

f3-Feb-fi* 

271 

59 

26 

10-Cpo-84 

259 

79 

77 

ll-FaS-84 

52-F«S-84 

13-F0O-84 

378 

122 

142 

i4-F?iH54 

395 

5*9 

146 

l5-FeO-84 

81 

16-F»5-84 

279 

75 

76 

17-Fs^84 

253 

88 

39 

lS-fsO-64 

!9*FfO*34 

gK»  3-84 

2S 

68 

68 

2l-feb-84 

409 

93 

93 

22-*e&-84 

133 

8 

3 

m.L  #1 

»#«*#  »P9C9  ♦««**♦* 
Qo's  ktint  G*,n?" 


IV..  *2 

mm*  LfiPCS  «wm 
Go’s  *airt  Cbnsr 


#3 

•M«w  LAB!#  ««hm 
Co's  *air!t  Etier 


*!• 

..  *1  *: 

■„  *3  v:. 

l  #: 

.l  *2  «'.U  *3 

lO't 

3-J*E9  i 

<«") 

.  TCNVflGE  (tons! 

— - 

-  .. 

, — 

3o’s 

E3-cs2-£4 

415 

96 

1:5 

2*-;e3-gi 

338 

59 

54 

£3-*eo-84 

26-?eb-34 

27-ea-84 

452 

133 

117 

28~ceb-64 

378 

141 

129 

£9-?»3-0i 

142 

12 

10 

01-xa»w84 

263 

72 

67 

12 

?E-*a>*-b4 

274 

95 

95 

.2 

*3-Ma— 84 

84-4ar-64 

05-*ar-84 

419 

188 

187 

12 

8£-y?-84 

406 

107 

116 

12 

07-yar*-34 

184 

29 

29 

3 

06-*a  p-64 

334 

*1 

96 

12 

09-1*6—34 

315 

188 

96 

12 

10-yar-5i 

1  l-«a> — 34 

l2-Mar-84 

148 

99 

101 

0 

l3-*a—£!4 

381 

98 

87 

12 

14-*a>-84 

75 

8 

15-i»ap-24 

313 

77 

66 

12 

16-HaP-84 

375 

92 

61 

12 

17-4ar-84 

l6-rar-84 

l3"',ar-84 

352 

129 

123 

12 

f?-,*ar-84 

375 

125 

122 

12 

2l-*ar-84 

181 

42 

*1 

7 

22-1*3—8* 

225 

67 

97 

IS 

23-'ia— 84 

1:W 

400 

352 

85 

82 

12 

r4-yan-B4 

23-ia-84 

25-Har-et 

1808 

m 

4:2 

183 

104 

l! 

2?-*SP-tl  -1 

.280 

m 

437 

130 

188 

11 

28-*an-84 

600 

m 

1*5 

39 

26 

8 

29-#ar-84 

1200 

686 

375 

S6 

71 

12 

30-yap-34 

1233 

600 

379 

83 

79 

12 

3'.-*a-94 

SH-Qor-84 

?2-?3r-84 

1800 

1280 

315 

100 

189 

10.5 

M-Aor-64 

1218 

m 

*39 

186 

105 

:2 

04-9or-8* 

600 

m 

246 

50 

*9 

8 

35-«3-84 

1888 

48? 

313 

51 

58 

12 

0f,-ftjp*S4 

1380 

500 

£52 

51 

50 

12 

*LL  #1 


faint 


•Lw  *2 

*«w*  -JHBDH  ******** 


MH*H  Ifip'R  ******** 


Ss's  teint  Dtner  Os's  fair.:  ::nsr 


W-Par-€* 

M-flo-34 

89-A&P-64 

U-A5J-64 

U-fljf-84 

!2*flor-84 

l4-ftsp-64 


2.8 

e.s 


0,8 

0.8 

?.9 

0.S 

0.3 


0.3 

0.9 

0.8 

0.8 

0.8 


0.8 

0.5 

0.5 

0.8 

18 


8.6 

0.8 

8.8 

0.8 

0.8 


2.3 

0.8 

0.8 

0.3 

$.3 


11 


11 

6 

11 

tl 


11 
11 
0 
11 
1 1 


11 

11 

7 

11 

11 


10 

10.5 

i 

10.5 
11 


11 

1! 

7 

18 


8.6 

0.6 


0.6 

8.6 

1.6 

0.6 

8.6 


0.6 

0.6 

0 

8.6 

0,6 


U 


11 
11 
6 
« t 

U 


u 


0.6 

8.6 


8.6 

8.6 

1.6 

0.6 

8.6 


0.6 

0.6 

1 

0.6 

0.6 


0.6 

l 

1 1 

0.6 

0.5 

1 

a 

1 

2 

1 

7 

8.5 

0.6 

1 

a 

0.6 

0.8 

1 

a 

8.6 

0.6 

1 

13 

0.6 

1.6 

1 

18.5 

1.6 

0.6 

1 

7 

8.6 

1.6 

1 

10.5 

8.6 

8.6 

1 

a 

3.6 

8.6 

1 

u 

0.8 

e.6 

1 

a 

8.6 

8.6 

1 

6 

2.6 

0.6 

1 

a 

0.6 

1.6 

1 

a 

0.6 

*L-  #1  KILL  13  KILl  #1  HILL  #2  KILl  #3  KILL  *1  *IL_  #2  *IU.  #3 

DATE  POw€R  iK*n)  TOWvftSE  (tons)  mm  LABOR  m*m*  #mm  LABOR  m*m#  tmm  LABOR  **mm 
_  _  „ _ _ _ Op’s  Haunt  Ot-ier  Os’s  Haint  Otnan  Os's  taint  Otner 

iS-Aar-84 

iS-Aor-84  tines  24 

l7-Asr-84  3l 

;fl-Ajr-34  37 

19- Apr-84  333  52  52 

20- Aor-84 

21- Apr-S4 

22- Aar-84 


23-Aar-84 

<300 

600 

433 

82 

82 

12 

0.8 

1 

11 

0.6 

11 

0.6 

1 

24-Apr-84 

1002 

808 

438 

tie 

112 

12 

8.6 

1 

11 

0.6 

11 

0.6 

1 

25- Apr-84 

600 

400 

£36 

34 

34 

6 

0.8 

1 

7 

0.6 

7 

0.6 

1 

26-Ppr-84 

.008 

600 

379 

59 

56 

12 

0.8 

1 

11 

0.6 

11 

0.6 

1 

27- Apr-64 

28- Apr-64 

29- fipr-84 

1200 

600 

362 

67 

6? 

12 

0.8 

1 

11 

0.6 

11 

0.6 

1 

30-Asr-84 

1082 

606 

386 

<24 

123 

12 

8.8 

1 

11 

0.6 

18.5 

1.1 

i 

8i-tay-54 

1800 

600 

386 

92 

S3 

J'm 

12 

0.4 

1 

\  1 

0.3 

11 

0.8 

1 

02-'tay-84 

608 

408 

197 

19 

16 

8 

0.4 

1 

7 

0.3 

7 

0.3 

1 

03-**y-64 

1228 

202 

380 

42 

41 

12 

2.4 

1 

11 

0.3 

11 

8.3 

_ 

34-Hay- 84 

1200 

800 

355 

52 

49 

12 

0.4 

1 

11 

0.3 

11 

0.3 

1 

05-tay-84 

06-tay-B4 

07--tay-84 

800 

622 

441 

r  • 

DC 

65 

12 

0.3 

1 

11 

0.3 

11 

0.3 

1 

86-*ay-54 

:  m 

822 

400 

162 

’.88 

12 

0.4 

1 

•  i 

0.3 

11 

0.3 

i 

• 

29-*ay-84 

1000 

£20 

£53 

31 

31 

8 

2.8 

1 

6 

2.6 

7 

0.6 

4 

a 

10-».ay-64 

502- 

*N 

311 

S7 

LL 

52 

12 

0.8 

2 

„  . 

0.6 

10 

2.6 

a 

l-*ay-8* 

i2-tay-S4 

1200 

1000 

369 

75 

75 

<2 

8.6 

i 

11 

0.6 

U 

0.6 

1 

:3-tay-84 

l*-«ay-64 

1002 

m 

347 

91 

98 

12 

8.8 

a 

2,6 

t: 

0.6 

1 

l5-tav-84 

i220 

622 

*.S 

66 

65 

1c 

0.8 

V 

9 

2.6 

ii 

0.6 

a 

'.6-tay-S4 

608 

400 

!9a 

j- 

20 

8 

2.8 

i 

7 

8.6  1  7 

0.6 

t 

l 

l?-“ay-64 

1222 

60} 

c*6 

55 

69 

12 

8.8 

; 

■  t 

8.6 

i  • 

•  * 

0.6 

i 

<8-tay-8* 

l?-tay-e4 

20-tay-6* 

1000 

600 

343 

85 

85 

o 

1.8 

1 

«  4 

2.6 

u 

0.6 

« 

2l-tay-34 

1002 

802 

327 

68 

62 

12 

0.3 

I 

11 

0.6 

n 

0.6 

1 

aa-tay-e* 

.m 

1022 

369 

!0c 

101 

13 

0.6 

i 

4  a 

8.6 

1  \ 

6,6 

1 

73-*ay-84 

822 

202. 

163 

15 

15 

a 

0.8 

2 

7 

8.5 

7 

0.6 

1 

c4-*ay-£4 

.022 

822 

m 

62 

63 

;  3 

0.8 

4 

*4* 

2.6 

11 

0.6 

t 

25-tay-S* 

28-'ay-£* 

Ml 

630 

298 

9l 

90 

12 

2.8 

6 

n 

8.6 

•  a 

8.6 

1 

27-«ay-8«. 

23-*-ay-6* 

:  022 

630 

2*0 

45 

** 

<3 

7.8 

. 

1  4 

2.6 

f  • 

•  a 

0.6 

1 

:5-*ay-6* 

1222 

m 

36? 

5i 

66 

12 

8.6 

i 

11 

2.6 

:: 

0.6 

; 

30-tay-a* 

882 

M2 

R5 

23 

22 

6 

0.8 

1 

7 

2,6 

7 

0.6 

1 

3;-tay-e4 

1220. 

*02 

It; 

7? 

% 

J  3 

2.6 

« 

;  1 

3.6 

u 

8.6 

0:-.v-s* 

ic-.V'C* 

Mi 

1332 

*13 

10? 

UH 

12 

2.8 

• 

*  r 

•  • 

0.6 

u 

0.6 

« 

* 

03-.V-3* 

0Wun-8* 

i  m 

232 

3f4 

a. 

.8: 

12 

0.* 

« 

i: 

0.3 

a  * 

0,3 

i 

8KV-64 

Mi 

632 

261 

99 

56 

12 

2.* 

8.2 

*  ! 

0.2 

39 


m 


Mli.  #1  «U  #3  MIL  #1  MILL  *2  MILL 
POWER  (loth)  TONNAGE  (tors) 


MU  *1 

**«»*  labor  **«*«* 

Qo's  faint  Other 


mIlL  t2 

««HH  labor  **«*«* 
Qb’s  Maint  Other 


MILL  #3 

»*«***<  LABOR  *««»* 
Ob’s  Maint  Qthe 


i;i 


m 

m 


m 

til! 


i 


tl 


mi 

t 


06-Jun-6a 

87-Jun-04 

08-Jun-84 

09-Jun-84 

10- Jun-84 

11- Jun-84 

12- Jun-84 

13- Jun-84 

14- Jun-84 

15- Jun-84 
16*Jun-84 

17- Jun-84 

18- Jun-84 
iS-Jun-84 
28-Jun-84 

21- Jon-84 

22- Jun-84 
?3-J ur-84 

24- Jun-84 

25- Jun-fli 
2S-Jun-84 

27- ;ur.-84 

28- Jun-84 
29~Jun-84 
ffl-Jjn-84 
0l-Jul-84 
82-Jui-34 

23- :U*S4 
04-Jul-84 
05-Jui-84 
?4-."u.-84 

27- JuL-54 
!8-Ju.*84 
89-.Y.-34 
J'J.'i-fi4 
u-.'ui-et 
:--JU-£4 
:3-;u-3* 

:6-.y.-34 
:7-;-u-54 
•8*j i.*34 
.9*Y*6* 

28- Y-3  4 

J.-84 

22- Jul-84 

23- Y-3* 

2*-Y-e* 

25- Y, -2* 
i«-Y.-c* 
27-Y.-3* 


488 

169 

29 

28 

688 

292 

61 

60 

888 

392 

75 

75 

888 

368 

98 

39 

688 

395 

99 

58 

488 

158 

28 

28 

m 

£65 

40 

35 

688 

23 

22 

888 

65 

84 

688 

63 

62 

288 

19 

18 

688 

61 

61 

1888 

62 

82 

688 

162 

90 

98 

868 

424 

89 

68 

a 

182 

688 

3:8 

64 

63 

1380 

314 

68 

87 

m 

413 

70 

£9 

688 

468 

:89 

166 

688 

3*7 

183 

182 

888 

362 

74 

74 

488 

383 

61 

8: 

s a 

*27 

i:7 

m 

98 

3«C 

l»u 

25 

m 

299 

72 

7; 

482 

309 

27 

26 

a 

38* 

8 

■<62 

i 

328 

a 

3 

628 

258 

«7 

57 

:« 

35 i 

65 

65 

m 

•32 

9* 

93 

bit 

M 

;28 

m 

:t& 

19 

19 

m 

29; 

58 

97 

m 

322 

113 

:82 

8.8 

1  7 

0.6 

i 

7 

0.6 

0.8 

1  10.3 

8.6 

1 

10.3 

0.6 

0.8 

i  n 

0.6 

i 

*  * 

0.6 

8.8 

1  11 

8.6 

X 

11 

0.6 

0.8 

1  11 

0.6 

i 

11 

0.6 

8.8 

1  ? 

8.6 

1 

7 

0.6 

0.8 

1  11 

8.6 

\ 

11 

0.6 

8.8 

1  11 

0.6  ■ 

\ 

11 

0.6 

►ILL  41  H-J.  *3  Mil  *1  Hu: 

.  *2 

L  *3 

HLL  #1 

Ha  *2 

Mo.  43 

DATE 

PQyER 

’uwas; 

•  (tons) 

****** 

.AMR  ******** 

******* 

labor  ******** 

******* 

uABOR  #**»**♦* 

-  . 

. 

—  - 

— 

Do's 

(faint  Otier 

Ob’s 

4atnt 

Osher 

Do’s 

"aint 

Other 

28- M-84 

29- J<il-84 
M-Jul-04 

1288 

633 

372 

92 

92 

12 

8.6 

1 

It 

0.6 

1 

11 

0.6 

1 

31-Jui-64 

888 

800 

364 

122 

121 

12 

8.8 

4 

A 

!! 

0.6 

1 

11 

8.6 

1 

0t-Aug-84 

888 

283 

185 

29 

28 

8 

8.8 

1 

7 

8.6 

1 

7 

0.6 

1 

e2-AuS-84 

1888 

800 

318 

78 

78 

12 

8.6 

1 

11 

8.6 

1 

11 

e.6 

1 

03-Aug-84 

04-fiuf-84 

1888 

1882 

298 

101 

181 

12 

8.8 

« 

* 

11 

0.6 

1 

11 

8.6 

1 

05-Aug-84 

06-Aug-84 

1888 

830 

348 

116 

115 

12 

8.4 

1 

!  ' 

*  « 

8.3 

1 

i: 

8.3 

1 

07-Ay c-84 

1888 

888 

426 

119 

119 

IS 

e.e 

1 

11 

e.s 

< 

u 

8.6 

l 

8B-Aug-84 

588 

0 

588 

8 

8.8 

1 

7 

8.6 

1 

7 

8.6 

1 

09-Au:-fi4 

1008 

680 

304 

81 

81 

12 

8.8 

1 

11 

8.6 

1 

n 

8.6 

1 

10- Aug-04 

11- Aug-64 

333 

838 

385 

93 

92 

12 

0.8 

1 

11 

8.6 

1 

li 

8.6 

1 

12- flug-B4 

13- Aug-B4 

888 

838 

316 

118 

110 

12 

0.8 

1 

11 

8.6 

1 

li 

8.6 

( 

A 

14-flyg-64 

1280 

m 

378 

189 

188 

12 

e.6 

4 

l 

11 

8.6 

1 

:i 

8.6 

4 

A 

i5-A'jg-64 

m 

238 

36 

23 

23 

8 

8.8 

1 

7 

8.6 

1 

7 

8.6 

1 

l6-Aun-84 

1208 

688 

306 

72 

71 

12 

8.6 

1 

•  4 

A  A 

8.6 

i 

11 

8.6 

1 

17-Aug-84 

1883 

488 

329 

63 

68 

12 

f.  a 

1 

11 

8.6 

1 

11 

0.6 

1 

18- Auc-84 

19- Aug-84 
2S-Aug-84 

1238 

638 

386 

185 

185 

12 

8.8 

1 

11 

0.6 

1 

11 

0.6 

1 

2:-Aug-84 

1200 

808 

324 

1*8 

147 

12 

8.8 

! 

11 

0.6 

1 

11 

0.6 

1 

22-3ug-84 

488 

288 

182 

19 

19 

6 

8.8 

1 

11 

8.6 

1 

11 

0.6 

1 

23-Ayg-84 

1283 

6 00 

303 

63 

62 

12 

8.8 

1 

11 

0.6 

1 

11 

0.6 

1 

24- flug-84 

25- Ayg-84 

680 

886 

328 

84 

83 

12 

1.8 

1 

11 

8.6 

1 

11 

0.6 

1 

26- Aug-84 

27- flug-84 

1280 

683 

486 

94 

93 

12 

8.8 

1 

11 

0.6 

1 

11 

0.6 

1 

28-Aug-04 

1080 

608 

388 

99 

78 

12 

8.8 

1 

11 

0.6 

l 

11 

0.6 

1 

29-Aug-64 

883 

480 

116 

62 

62 

e 

(.8 

1 

7 

8.6 

1 

7 

0.6 

1 

30-Aut-84 

1000 

m 

269 

73 

72 

12 

0.8 

1 

11 

0.6 

1 

11 

0.6 

1 

3l-Sug-84 

1833 

403 

283 

91 

98 

12 

0.8 

1 

11 

8.6 

t 

11 

1.6 

1 

81- 5*3-84 

82-  Seo-84 
13-5*3-84 
84-S*o-S4 
M-Seo-W 

86- S*o-04 

87- S*a-84 
W-S*o-64 
09-$#J-84 
10-5*3-84 

1833 

1603 

:7 

8* 

63 

U-Sfa-64 

74 

56 

55 

12-5*3-84 

78 

13-S*p-84 

1838 

408 

343 

39 

39 

12 

8.8 

1 

11 

8.6 

1 

11 

0.6 

* 

* 

14-S*?-84 

1080 

603 

368 

64 

63 

12 

0.8 

1 

1  f 
«  * 

0.6 

1 

11 

0.6 

1 

15-5*3-84 

88 

;6-S*5*64 

17-SeH* 

1838 

408 

420 

51 

58 

12 

1.8 

1 

11 

0.6 

1 

11 

0.6 

1 

►I- _ 4;  *VJ.  43  #1  KILL 

#2  IC-L  43 

*:.l  « 

KILL  42 

¥1^  #5 

MTE 

OOac?  !<W'!  TQNNP32 

(tors! 

w*m  _ABC5  *#***<*# 

******* 

„AB09  #»«««* 

******* 

LABC7  **«#♦»#» 

Go’s  Kaint  Gtrer 

Os's 

«sl*.t  Ot^er 

Os’s 

*o:rt  Ott** 

16-Ser-S* 

1000  900  359 

103  103 

12  0.8  1 

11 

8.6  1 

11 

0.6 

'i9-S?i-64 

0  2  63 

16  16 

S  0.8  '1 

7 

0.6  i 

7 

0.6 

20-Sss-84 

299 

50  52 

DAYS 

107.00 

111.00 

165.00 

157.00 

157.03 

121.02 

121.02 

121.00 

121.00 

121.00 

121.00 

121.00 

121.0-? 

121.00 

4E5HS 

i:.  4 

22.2 

33 

31.4 

31.4 

24.2 

24.2 

24.2 

24.2 

24.2 

24.2 

24.2 

24.2 

24,2 

AVEMSE 

934.53 

599.20 

295.21 

75.65 

74.92 

11.24 

0.52 

1.01 

10.15 

0.64 

0.99 

10.22 

0.63 

0.96 

KAY  VALuE  '.200.00 

1600.00 

496.00  :53. 00 

147.80 

12.03 

7.50 

2.00 

11,00 

2.60 

1.00 

13.00 

2.60 

i.?e 

VAAIPvC-  62472.2  75723.9  12597.1  1101.74  1227,51  2.45447  0.44622*.  2.02925*  3.212334  0.127579  0.009264  3.255967  0.095525  0.223254 


STD.  DEV. 

249.94 

276.99 

112.69 

33.15 

32.98 

1.57 

0.67 

0.09 

1.79 

0.36 

0.09 

1.81 

0.31 

0.09 

CEV/AV3 

0.267 

0.453 

0.352 

0.*39 

0.440 

0.139 

0.813 

0.090 

0.176 

0.558 

0.092 

0.177 

0,492 

0.092 

SO* 

100003 

66400 

48709 

11877 

11763  1359.5 

99.4 

122 

1232.3 

77.4 

120 

1236.9 

76,4 

lei 

Appendix  F 


DATA  SHEETS: 

SHREDDER  OPERATING  HOURS 


HHWHHfH  HILL  HI  HHHHfHHi  HIHHHIHH  MILL  43  (itHHHHHt  HMiHJMitH*  MILL  #3  IHHHtttHH 

DATE  Running  Tine  - Dowitiw  — ■ - Dunning  Tie*  - Dotmtia* - Running  Tint - Downtime - 

Process  Idle  Blockage  Repairs  No-Fault  Process  Idle  Blockage  Repairs  No-Fault  Process  Idle  Blockage  Repairs  No-Fauil 


82-Jan-84 

W-Jan-84 

I 

a 

0 

9 

0 

5.2 

0.1 

0 

0.5 

3.2 

6.6 

1 

0.4 

0.5 

1.5 

04-Jan-84 

6 

e 

0 

6 

0 

3.5 

1.2 

• 

0 

1.3 

4.2 

0.6 

0 

0.5 

0.5 

05-Jan-84 

4.9 

3.6 

0 

I 

0.5 

0.9 

0 

0 

6.1 

0 

1.2 

0 

0 

7.8 

9 

66-  Jan-84 

4.7 

3.8 

0 

0 

0.5 

0 

0 

1 

9 

0 

0 

0 

0 

9 

0 

67-Jan-84 

08-Jan-84 

99-Jan-84 

5.5 

3.2 

0 

0 

0.3 

0 

0 

0 

9 

0 

6 

0 

0 

9 

0 

10-Jan-84 

4.4 

4.2 

0 

0 

0.4 

0 

0 

0 

9 

1 

0 

0 

9 

9 

0 

ll-Jan-84 

1.3 

4 

0 

0 

0,7 

0 

1.5 

0 

4.5 

0 

0 

0 

8 

6 

0 

12-Jan— 84 

5 

3 

0 

0,3 

0.7 

0 

0 

0 

9 

0 

0 

1 

0 

8 

9 

l3-Jan-84 

5.3 

3.2 

0 

« 

0.5 

0 

0 

0 

9 

0 

1 

0 

0 

9 

0 

14- Jan-84 

15-  Jan-84 

16-  Jan-84 

17- Jan-84 

5.6 

2.7 

0 

8.3 

0.4 

3,3 

2.2 

0 

0 

3.5 

3.4 

2.1 

0 

• 

3.5 

l8-Jan-84 

3.1 

2.2 

0 

0 

0.7 

0 

1 

e 

0 

6 

0 

9 

0 

0 

6 

19-Jan-84 

5.5 

3.1 

0 

1 

0.4 

3.2 

1.8 

0 

0 

4 

3.2 

1.6 

0 

• 

4.2 

20-Jan-64 

5.3 

2.9 

0 

0 

0.6 

4.5 

0.9 

0 

0 

3.6 

4 

0.7 

I 

1 

4.3 

21-Jan-84 

32-Jan-84 

23-Jan-84 

5 

2.9 

0 

0 

1.1 

4 

1.4 

0 

0.5 

3.1 

4 

1.2 

0 

8.5 

3.3 

24-Jan-84 

5.9 

2.8 

0 

0 

0.3 

2.4 

2.1 

1 

0 

3.5 

2.5 

2.9 

0.1 

0 

3.5 

25-Jan-84 

3.9 

1.5 

0 

1 

0.6 

2.4 

1.5 

0 

0 

2.1 

1.7 

2.2 

0 

• 

2.1 

26-Jan-84 

5.6 

2.9 

0 

0 

0.5 

2.6 

1.6 

0.2 

0 

4.4 

2.9 

1.7 

• 

0 

4.4 

27-Jon-84 

4.4 

4.1 

0 

0 

0.5 

3.4 

1.4 

0 

0 

4.2 

3.6 

0.7 

0.5 

• 

4.2 

28- Jan-84 

29- Jan-84 
M-Jan-84 

5.9 

2.9 

0 

4 

0.2 

6.3 

1.6 

0 

0 

0.9 

5.8 

2.4 

9.1 

• 

0.7 

3l-Jan-84 

5.3 

3.4 

0 

0 

0.3 

6.3 

1.6 

0 

i 

0.9 

4.5 

1.4 

0.1 

1 

3 

•l-feb-84 

1.9 

2.9 

? 

0 

1.2 

2.3 

0.1 

0 

0.5 

3.1 

2.3 

0 

0 

1 

2.7 

02-Feb-64 

2.6 

0.5 

0 

4.6 

1.1 

6.6 

2.1 

0 

0 

0.3 

7.1 

1.6 

1 

• 

9.3 

B-Feo-84 

i 

0 

0 

9 

0 

5.7 

2.1 

0 

0.5 

0.7 

4.6 

3.4 

0 

I 

1.8 

04-Ffb-04 

95*feb-64 

06-Ftp-84 

f 

0 

0 

9 

0 

6.6 

1.7 

0 

0 

0.7 

6.9 

1.4 

0 

• 

1.7 

07-Feb-84 

0 

0 

0 

9 

8 

3.3 

2.4 

0 

0 

3.3 

6.5 

1.9 

6 

0 

6.6 

M-Feo-84 

e.7 

1.9 

0 

3.3 

0.1 

2.1 

0,2 

0.2 

IS 

3 

2.3 

0.2 

9 

1.3 

3 

09-Fei>-84 

4.9 

3.4 

8 

0.3 

0.4 

3.6 

0.7 

9 

0 

4.7 

1.7 

9.6 

0 

• 

6.7 

W-Fep-64 

5.5 

2.9 

0 

0 

0.6 

5.5 

1.6 

0 

0 

1.7 

5.3 

:.2 

9.8 

• 

1.7 

U-FeP-84 

12- Fea-84 

13- F*!>-84 

5.8 

3 

0 

0 

0.2 

5.6 

2.5 

6.3 

• 

0.4 

6.7 

1.9 

0 

• 

0.4 

14-feb-64 

5.6 

2,8 

0 

0 

0.6 

6.5 

1.8 

• 

• 

0,7 

6.4 

1.7 

9.2 

0 

6.7 

15-F*p-84 

1.4 

3.5 

0 

0 

1.1 

2.5 

0.4 

6 

0 

3.1 

3.4 

0 

0 

0 

2.6 

lfi-eo-as 

5.9 

3 

0 

0 

0.1 

4.5 

2.3 

0.4 

1 

1.6 

4.6 

2.6 

• 

1 

0.8 

17-Fep-B4 

5.2 

3,1 

0 

0.3 

0.4 

4.6 

3,3 

0 

• 

0.9 

4.6 

3.1 

• 

1 

1.1 

16-F«&-€4 

l9-f»b-84 

a-FfO-84 

5.9 

2.8 

e 

0 

1.3 

5.4 

3.2 

0 

0 

0.4 

4.2 

4.4 

0 

1 

6.4 

2:-FlO*84 

5.6 

2.3 

0 

0,5 

0.4 

6.3 

1.1 

0 

0.5 

1.1 

6 

1.5 

9 

6.5 

l 

22-feP-84 

2.3 

2.6 

0 

0.3 

0.6 

1.9 

0.3 

• 

i 

<6 

1 

1.2 

1 

• 

4.8 

MHHHHHi  «!LL  II  MHtHHIHM  HHHHWHH  MILL  #2  iHHHIHHH  IMHHittlW  M)|_L  *3  HIHHIWHi 


DATE 

Sunning  Time 
Process  Idle 

- Downtime  - 

Blockage  Repairs  No-Fault 

Running  Time 
Process  Idle 

- Downtime -  Running  Time 

Blockage  Repairs  No-Fault  Process  Idle 

- Downtime  - 

Blockage  Repairs  No-Fauit 

23-Feb-84 

5.5 

2.9 

e 

8 

0.6 

3.9 

1.5 

0 

8.8 

2.8 

4.7 

0.7 

0 

0.B 

2.8 

24-Feb-84 

5.5 

3.1 

8 

8 

0.4 

3.7 

2.2 

8 

8 

2.1 

3.4 

3.5 

6 

0 

2.1 

25- Feb-84 

26- Feb-84 

27- feb-a* 

5.8 

2.9 

8 

8 

0.3 

6.7 

8.7 

0 

8 

1.6 

5.9 

1.8 

0.6 

0 

8.7 

2S-FeO-84 

5.5 

2.8 

8.6 

2 

8.1 

5.7 

1.9 

8.9 

8 

8.5 

5.2 

3.2 

8 

0 

8.6 
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- - 

Running 

Tiee 

Process 

Idle 

Blockage  Reoairs  No-Fault  Process 

Idle 

ea-jui-a* 

29-Jul-84 

38-Jul-fl4 

4.9 

U 

e 

8 

3 

3.7 

1.3 

31-Jul-fi* 

4.4 

4.3 

e 

0 

0.3 

4.9 

3.8 

3l-flug-84 

2.9 

1 

0 

0 

2.1 

4.4 

11 

32-flug-64 

4.9 

3.8 

0 

8 

8.3 

4.8 

15 

33-Aug-84 

W-flug-84 

35-flug-84 

j.8 

2.6 

0 

8.3 

8.3 

6.3 

1.8 

86-Aug-84 

5.9 

2.9 

0 

8 

0.2 

6.5 

12 

8 7-flu 5 -94 

5.1 

3.1 

0 

3 

0.6 

5.3 

3.4 

88-flu g-84 

2.4 

2.9 

0.2 

8.3 

8.2 

1.8 

2.4 

M-fisg-84 

4 

2.4 

0 

8 

2.6 

4.2 

1.1 

18-fiug-94 

4.7 

2.3 

3.1 

0 

1.4 

6.1 

1.9 

i  l-fl'jj-64 

12- 3ug-34 

13- flug-34 

4.7 

3.9 

3 

8 

3.4 

5.6 

1.7 

:4-flug-S4 

5.1 

3.1 

0.3 

3 

3.5 

5.7 

2.6 

l5-flu;-34 

2.4 

2.7 

0 

3.3 

0.6 

•  a 
»• 

12 

l6-Puc-64 

4.2 

4.3 

0 

3 

0.5 

4.3 

1.4 

l7-flug-84 

ia-flug-64 

4.4 

3.7 

0 

8 

19 

3.5 

1.5 

;9-flug-84 

23-flug-84 

5.1 

3.4 

0 

8.2 

3.3 

5.1 

18 

cl-flu;-«4 

5.4 

13 

0 

8 

0.3 

5.1 

16 

22-flu;-34 

1.3 

3.1 

0 

8.3 

18 

2.8 

15 

£3-Siij-8* 

4 

4.4 

3 

0.3 

13 

14 

1.6 

?4-flu5-84 

25-£ug-£4 

4.8 

17 

3 

i 

3.5 

*.2 

3 

ci-5u?-o4 

27-ft.:g-84 

5.3 

15 

0 

i 

8.2 

:.£ 

3.2 

£6-?u3-84 

S.4 

2.6 

15 

i 

0.3 

5.5 

1.7 

23-Au;-94 

}  i 
*»  <  « 

s 

0 

8 

1.8 

19 

r 

38-A.:-5‘ 

4.6 

19 

9 

8 

3.5 

13 

1.7 

3l-5:J*34 

31-5*3-6* 

4.5 

2.9 

0.6 

8.7 

13 

18 

4 

82- S?j-34 

83- 503-94 
04-5*3-94 
35-5*3-64 
89-5*3-64 
87-S*o*34 
i8-Sea-&4 
85-5*3-84 
>5*3-94 

i.l 

1.7 

0 

8 

5.2 

4 

11 

.'.-5*3-84 

:.i 

8.5 

0 

I.! 

6.3 

2.3 

:.6 

: --5*3-84 

1.3 

4.3 

0 

1 

0.4 

3.8 

u 

.3-5*3-64 

4.3 

4.4 

3 

3 

13 

2.3 

19 

1 4-5*3-54 

4.8 

4.3 

0 

3 

11 

15 

1.9 

i 5- 3*j" 54 
;S-S«c-94 
: 7-5*3-94 

4.S 

13 

a 

0 

8.5 

13 

17 

- OoMntine - Running  Tine - Count i*e - 

Blockage  Resales  No-Fault  Process  lole  Blockage  Reoairs  No-Faull 


0 

8 

4 

4 

1.6 

0 

3 

3.4 

8 

3 

13 

4.4 

17 

8.7 

0 

8.2 

0 

8 

1.5 

1.6 

1.2 

8 

0 

3.2 

8 

8 

3.7 

6.4 

1.4 

0 

0 

1.2 

0 

0 

19 

6.3 

1.8 

3 

0 

19 

0 

e 

2.3 

5.6 

1.1 

3 

0 

2.3 

3 

3 

13 

5.7 

2.9 

8 

0 

14 

8 

3 

i.a 

16 

4.8 

3 

0 

16 

3 

0 

17 

4.6 

1.4 

0 

8 

3 

0 

0 

1 

6 

1.5 

15 

0 

1 

11 

3 

1.6 

4.6 

2.7 

11 

i 

1.5 

0.2 

0 

15 

4.9 

16 

0.1 

3 

14 

0 

3 

4.6 

3 

0 

8 

0 

6 

3 

8 

13 

17 

1.9 

a 

0 

14 

0 

8 

4 

3 

1.8 

« 

3 

4.2 

3 

0 

1! 

4.7 

4 

Is 

0 

3.1 

8 

0 

13 

4.7 

17 

13 

0 

13 

0 

1 

17 

14 

0 

0 

0 

5.6 

1 

0 

3 

18 

4.2 

0 

3 

i 

3 

0 

18 

18 

1.4 

12 

0 

16 

0 

i 

16 

4.4 

4 

0 

0 

i.6 

8 

3 

1.7 

4.6 

2.4 

0 

11 

1.7 

0 

3 

1.1 

1.3 

15 

0 

0 

4.2 

3 

a 

4 

17 

15 

0 

0 

1.6 

i 

a 

4.2 

15 

» 

4 

0 

? 

4.5 

3.2 

0 

L.  7 

4.7 

13 

i 

0 

! 

1 

0 

5.1 

t.7 

3 

i 

t 

13 

8 

1 

5.1 

0.2 

i 

i 

s 

5.3 

12 

3 

#4.6 

2.6 

1.9 

0 

0 

4.5 

0 

1 

15 

2.8 

15 

0 

0 

17 

f 

0 

4.5 

IS 

i.4 

0 

3 

*.7 

PILL  #1  HiHHHHHI  Mill  #8  HlHHIHIHf  MILL  *3  WIHIHHHi 

QAT£  Running  Time  - Oowntiasc -  Running  Time  - Dosntise -  Running  Tine  - Dotmtiae - 

Process  Idle  Blockage  Repairs  Vs-Fault  Process  Idle  Blockage  Repairs  No-Fault  Process  Idle  Blockage  Repairs  Ko-Fauit 


16-Sep-84 

3.4 

3.8 

0.3 

U 

0.4 

5.2 

0.3 

0 

0 

3 

5 

0.9 

0 

0 

3.1 

lS-Seo-84 

2.3 

i.9 

0 

8 

1.8 

2.1 

1.4 

0 

0 

2.5 

1.5 

0.5 

0 

0 

4 

W-Seo-84 

3.8 

4.8 

0 

0 

0.4 

3.3 

1.7 

0 

0 

4 

2.9 

9 

0 

0 

4.1 

DAYS 

175,6a 

175.00 

175.08 

:75.?0 

:75.00 

175.00 

175.08 

:75.00 

175.08 

175.00 

175.00 

175.00 

175.00 

175.00 

175.00 

WEEKS 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

AVERAGE 

4.04 

3.05 

0.*6 

0.64 

0,65 

4.19 

1.59 

0.06 

0.48 

2.11 

3.  SI 

1.79 

0.16 

0.50 

2.00 

MAX  VALUE 

7.60 

5.50 

0.80 

9-00 

7.40 

7.70 

6.10 

1.30 

9.00 

9.08 

7.70 

4.90 

3.20 

9.03 

8.70 

VARIANCE  3.B2397  1.67905  0.02356  4.4:2445  1.03204  3.792937  1.2.563  0.03836  3.504757  3.06632  3.609098  1.57:50  3.146S4  3.460695  3.30159 

STD.OEV.  1.74  1.30  0.15  2.10  1.02  1.95  1.10  0.20  1.67  1.75  1.95  1.25  0.3a  1.66  1.82 

DEV/AVB  0.431  0.425  2.558  3.273  1.572  0.465  0.6S5  3.048  3.891  0.629  0.500  0.695  2.456  3.732  0.874 


Appendix  G 


DATA  SHEETS: 

CALCULATED  POWER  CONSUMPTION  AND 
THROUGHPUT  RATES 


#i  -ij.  *3  *:l.  ?■; 

ML; 

.  *2 

*!=i  *3 

t'jl  *; 

?:■„  42 

-L.  #3 

32  : 

1  *3  Qv3  : 

:<te 

Pcwsr  Uw'./toni  Rate  !:orh~) 

Rare 

!tor/4f) 

Rate  ;tor/'r; 

c.;c- 

Sh!rr 

&-:?? 

_  _  */o  idle  v*/  isle  w/o  isle 

* 1  isle  */o  idle  *!  ic'.e 

r-rs) 

(irs) 

fv*s* 

»/?  I3„S 

*>/  idle 

02-Jan-84 

02-Ja*-94 

21.3 

2..! 

21.9  19.5 

9 

9 

z 

2;«3 

20.3 

24-;ar?-a4 

.4.5 

lfc.3 

14.3  12.3 

6 

6 

6 

-.4.4 

11.4 

05-.fa*>-9* 

62.7  35.  i 

9 

9 

9 

36-Ja*-84 

55.;  3c. ! 

9 

9 

c 

07-Jar-34 

fS-Jar-e* 

39-Jan-54 

61.5  39.5 

1 

9 

a 

j 

10-, Jar-54 

75.7  39.7 

9 

9 

c 

ll-Ja*-94 

53,2  14.7 

6 

6 

* 

a 

;C-Jarrt4 

.  55.8  34.9 

r* 

w 

9 

5 

;3-Ja«-94 

53.5  33.5 

9 

9 

3 

'.4-..'ar-54 

15-Ja*-94 

16-Jan-64 

17-«*aH!4 

75.3  51.4 

23.0 

.3.3 

23. 2  14. 4 

9 

9 

9 

21; 

14.1 

ie-Ja-64 

45.5  26.5 

6 

6 

6 

>9-Jfr-r84 

65.3  44.1 

21.6 

13.6 

21.3  14.2 

9 

9 

9 

21.4 

14.0 

•:e-Ja?>-S4 

41.5  25.8 

15.1 

;2.6 

15.3  110 

S 

S 

9 

•  c  * 

*  <j«  a 

12.6 

31-Jar-W 

?2-Jar,-84 

23-Ja~94 

58.8  43.5 

28.9 

16.9 

22.9  17.5 

9 

9 

9 

22.9 

112 

24-.>-94 

68.4  45.3 

218 

.2.7 

£16  10.9 

9 

9 

9 

23.7 

11.7 

25-JW-84 

59.8  36.7 

:*.6 

9.3 

1*.  7  6.4 

6 

6 

6 

;*.6 

7.7 

26-Ja"-84 

£16  45.? 

22.7 

.14 

22.*  l*.l 

9 

9 

9 

£2.5 

13.8 

27-Jtn-W 

73.9  38.2 

17.1 

12.1 

17.2  14.4 

9 

9 

9 

17.1 

112 

2B-Jan-84 

29-Ja«-8* 

30-Jan-S4 

70.2  47.0 

2*.  3 

18.9 

2*.  *.  17. 1 

9 

9 

9 

24.2 

Ilf 

3l-Ja«-64 

71.9  43.8 

24.3 

.6.6 

24.0  16.3 

9 

9 

9 

24.9 

115 

0l-'»3-84 

42.1  16.7 

7.0 

5.7 

7.3  7.0 

6 

6 

6 

7.0 

6.8 

6£-?eb-S4 

27.7  23.2 

16.1 

12.  E 

16.1  13.1 

9 

9 

9 

16.1 

12.6 

W'*83*S4 

115 

9.9 

13.5  7.9 

9 

9 

9 

13.5 

8.9 

34-?eo-84 

05-fea-94 

?&~ej-8* 

15.7 

9.3 

11.6  9.6 

9 

9 

9 

11.6 

9.5 

07-fe5-6* 

15.5 

6.9 

15.4  11.9 

9 

9 

9 

15.4 

10,7 

08-c?i-a* 

£6.6  7.7 

4.e 

4.3 

5.2  4,8 

6 

5 

6 

5.0 

4.6 

29-F!*;>-S4 

55.3  32.7 

16.4 

;3.7 

16.5  12.2 

9 

9 

9 

16.4 

118 

:#-r?i-94 

47.1  33.3 

1*.4 

10.8 

14.5  11.9 

9 

9 

9 

14.4 

11.3 

0-rej-g^ 

!  ! -'35-94 

65.2  43.0 

21.0 

1*.7 

21.2  16.5 

9 

9 

9 

21.1 

15.6 

;*-»t>3-6* 

?3.5  <*7.0 

22.9 

16.0 

£2.6  16.3 

9 

9 

9 

22.9 

ns 

It-'et-S* 

57.9  16.5 

6 

6 

6 

1.0 

0.0 

;£-rf3-£* 

47.3  3;.  3 

16.7 

:..3 

16.5  10.6 

9 

9 

9 

16.6 

19.8 

l7-rr)-9* 

*9.6  3;.: 

19.3 

12.9 

16.5  11.3 

9 

9 

9 

11* 

11.1 

;6-?ei-S* 

:9-*e:-34 

ci-rS3-54 

33.  1  25.9 

16.3 

12.2 

16.2  7.9 

9 

9 

9 

16.3 

9.1 

2;-c?;-S* 

73.5  53.5 

15.6 

13.2 

.5.5  12.4 

5 

9 

9 

*5.5 

12.8 

22-?er-6* 

57.6  27.1 

6.9 

6.7 

8.3  6.7 

6 

6 

6 

8.4 

17 

y>" 


til.'.  *1  *1ul  « 
59XB"  Con/tor) 


KL1.  *i 
9ate  (for/hr) 


2ate  (tor/hr) 


Niil  « 
Sate  (tor/ir) 


•ILL  *1  MU.  *2  K.l  #3 


9 

*lo  itie 

>J  idle  w/o  idle 

n /  idle  n/o  idle 

w/  idle 

p|  ;3-r5D-E4 

7S.5 

43.4 

24.5 

17.8 

24.5 

21.3 

g{  24-eet>-84 

4?  J  25-?e;-34 

Si  26-Fsd-S4 

61.5 

39.3 

15.9 

8.6 

15.9 

7.8 

||  27--eS-84 

79.7 

53.1 

19.9 

19.3 

19.8 

15.2 

■  26-fe:-84 

t«.7 

45.5 

24.7 

18.6 

24.fi 

15.4 

SHS  29-r»y-94 

•.6,6 

24.9 

5.7 

5.5 

6.3 

4.5 

46.1 

33.2 

14.1 

9.6 

14.8 

8.9 

5m{  32-ta— 34 

42.2 

32.6 

13.8 

12.4 

13.8 

12.5 

KgS  ?4-Kar-34 

M  35-*ar-94 

58.7 

48.7 

15.5 

14.6 

19.5 

14.3 

fjn  36-1,?"-h|( 

73.2 

45.6 

21.4 

15.3 

21.5 

15.1 

vS  37-<jr-84 

57.5 

33.5 

22.7 

13.2 

23.7 

19,3 

3$j  ?fi-*ar-£  ‘ 

54. 2 

38,4 

15.8 

14.6 

15.7 

12.2 

Hra  33-Tar-94 

QM  ;3-*ar-84 

59.3 

37.5 

15.6 

12.7 

15.7 

12.5 

fin  11 -tar-94 

fflW  l2-*ar-34 

54.8 

43.3 

15.8 

14.6 

15.8 

16.6 

B\ih  ;3-*ar-S' 

76.2 

53.8 

18.5 

12.4 

38.5 

12.3 

V§3  14-4ar-B4 

34.1 

14.2 

M  lS-^ar-S4 

63.9 

37.3 

15.1 

11.8 

15.3 

9.4 

KM  15-ya*-S4 
|H  !7-*ar-64 
S  13-*ar-34 

75.1 

4a.  1 

13.3 

18.7 

13.1 

13.1 

Jfcfij  l9-4a-64 

84.2 

53.3 

18.2 

15.8 

18.1 

14.3 

MS  2l-»ar-84 

83.3 

43.6 

18.4 

14.5 

18.5 

15.4 

69.6 

31.8 

9.8 

9.8 

9.5 

8.5 

gW  22-"ar-84 

62.5 

45.1 

14.3 

10.7 

14.1 

.2.9 

MM  23-*a-fl4 

pl§  24-*ar-64 

3.4 

4.9 

69.3 

41.9 

13.3 

9.9 

13.2 

9.8 

pi  25-*ar-S4 

4/\Xj  29-<ar-84 

2.4 

3.8 

37.9 

48.5 

17.8 

11.7 

17.6 

14.4 

IpS  27-4ar-64 

2.6 

5.6 

91.4 

52.5 

17.8 

17.1 

17.7 

14.4 

28-*ar-fi4 

4.1 

7.7 

83.6 

25.9 

9,8 

9.5 

9.6 

7.9 

29-Xar-84 

3.2 

11.3 

91.5 

45.7 

13.9 

n.e 

13.9 

6,4 

H  33-«a-84 

Ip  3l-*ar-84 

3.2 

7.6 

79.1 

41.6 

14.8 

U.2 

14.9 

11.3 

iftijl  H-AjH14 

SiS  K-fljr-84 

3.2 

11. • 

93, « 

38.9 

15. 9 

13.2 

14.2 

13.3 

WW  l3-flor-84 

2.7 

5.7 

97.6 

51.6 

18.3 

13.8 

18.1 

13.6 

yfeii)  ?4-fljr-84 

3.3 

6.2 

97.9 

43.9 

16.1 

12.2 

16.9 

15.8 

§g  i5-Scr-84 

3.2 

8.6 

67.3 

37.1 

l3»  l 

9.3 

;4.3 

8.9 

86-flsr-84 
27-P3r-84 
IjM  28-93T-84 

M  M-fl3r-94 

4.6 

12.1 

54.6 

31.6 

9.3 

7.2 

12.2 

9.6 

jpj  l«-fla*-fl4 

gf  U-fl5r-« 

jjpSJ  l2-«3r-84 

13-8&T-84 

jj$g  14-0:r-S4 

3-I-T 

(hrs) 


SMIrT 

(hrs) 


9 

9 

6 

9 

9.5 


5*1*. 

(hrs! 


9 

9 

S 

9 

9.5 


9 

9 

6 

9 

9.5 


*L„  42  l  »3  m  99' 
*/ o  icie  w/  ic'.e 


24.5 


19.9 

24.8 
5.5 

14, 3 

13.9 


19.5 

£1.4 

23.’ 

:5.7 

i5.7 


19.6 

.9.5 


.5.  i 
13.  i 


18.1 

18.4 

9.7 

14.3 

13.3 


17.7 

17.8 
9.7 

13.9 

14.9 


15.3 

16.3 

15.5 

13.6 
13.5 


19.5 

8.2 


15.  6 

16.  S 

5.3 

9.3 
12.5 


1*.4 

15.2 

15.7 

12.9 

12.6 


13.5 

12.3 


13.2 

13.4 


14.7 

15.3 


11.6 

9.8 


12.9 

15.8 

8.8 

9.9 
11.3 


13.1 
13.8 
13.8 

9.1 

6.2 


MIL  11 

MIL.  #3 

MIL 

#1 

MIL  #2 

HLL 

#3 

MILL  #1 

MIL.  #2 

#3 

4l.c  #8  i  #3  AV3  SO' 

DATE 

Power  ( Kwh /tor) 

Rate  (ten/hr) 

Rate  iitnhr) 

Rate  (tcn/hr) 

SMCT 

SUFT 

S’lRT 

— 

— 

w/o  idle 

w/  idle  w/o  idle  »/ 

idle  w/o  idle 

»/  icle 

hrs) 

hrs) 

hrs) 

w/o  icie  w/  icle 

15- A3r-84 

16- A3H54 

38.8 

15.0 

3 

9 

9 

l7-Apr-64 

25.6 

4.8 

9 

9 

9 

18-Aar-84 

61.7 

7.0 

6 

6 

6 

;9-Aor-fi4 

20-Apr-84 

75.7 

38.3 

14.9 

12.7 

22.6 

16.8 

9 

9 

S 

17.5 

14.4 

21- Aor-84 

22- Aar-84 

23- Apr-84 

8.4 

7.3 

185,8 

49.3 

17.8 

10.9 

22.8 

11.2 

9 

9 

9 

20.0 

11.1 

24-fl3r-84 

£.3 

7.3 

£8.4 

53.4 

20.4 

i£.4 

21.2 

16.9 

9 

9 

9 

28.6 

16.7 

25-Aor-84 

2.5 

11.8 

98.8 

42.1 

11.3 

12.3 

12.1 

18.3 

6 

6 

5 

11.7 

10.3 

26-ftor-84 

2.S 

10.3 

64.2 

46.2 

114 

11.6 

15.3 

11.2 

9 

9 

9 

14.3 

11.4 

27-Apr-34 

£6-hp»*-84 

3.3 

9.8 

84.2 

40.2 

14.6 

9.6 

15.2 

7.8 

9.5 

9.5 

9.5 

14.9 

8.6 

29-Ap-84 

3i-Aor-34 

2.5 

8.E 

87.7 

45.4 

21.0 

14.8 

27.3 

16.4 

9 

9 

9 

216 

15.5 

31 -’ay-84 

2.7 

8.7 

77.3 

*5.2 

;3.3 

11.7 

17.0 

11.2 

9 

9 

9 

.4.9 

10.5 

02-*ay-8* 

3.0 

22.2 

75.8 

35.5 

5.4 

4.9 

5.1 

4.6 

S 

6 

6 

5.3 

4.7 

33-’ ay-64 

3.3 

4.S 

53.7 

*2.9 

13. 1 

11.4 

17.1 

11.1 

9 

9 

9 

14.6 

11.2 

34-»ay-64 

3.3 

16.3 

52.9 

42.4 

7.4 

6.0 

10.9 

5.6 

9 

9 

9 

3.6 

5.9 

03-May-6* 

2S-'ay-34 

07-*ay-84 

1.3 

9.2 

62.9 

51.3 

13.2 

...  8 

12.7 

1,.  8 

9 

9 

3 

13.0 

11.8 

38-' ay-84 

£.5 

6.6 

114.3 

47.1 

18.9 

14.8 

81.4 

14.5 

3 

9 

9 

20.1 

14.8 

33-*ay-34 

4.0 

19.4 

58.2 

47.7 

10.7 

7.4 

7.8 

5.3 

5 

6 

6 

8.6 

5.8 

10-*ay-S4 

2.8 

7.7 

*6.4 

38.4 

3.5 

7.S 

3.5 

7.4 

9 

9 

5 

8. 5 

7.5 

11 - May-84 

12- *a>-64 

3.3 

13.3 

43.6 

42.4 

11.0 

5.6 

11.2 

5.0 

9 

9 

9 

11.1 

6.9 

13- *ay-3* 

14 - May-84 

2.9 

6.9 

54.2 

41.3 

14.2 

12.9 

15.9 

18.7 

9 

9 

9 

15.3 

.2.7 

15-V/-84 

2.9 

9.4 

68.6 

49.3 

17.2 

13.2 

14.4 

12.3 

S 

3 

9 

15.7 

.2.8 

lS-May-6* 

3.0 

28.2 

52.5 

35.4 

6,4 

5.4 

5.7 

4.9 

6 

£ 

6 

5.5 

C  » 

*»  •  . 

l7-»ay-64 

4.5 

.1.6 

77.5 

•6.5 

111 

9.1 

15.0 

9.3 

9 

9 

9 

.4.0 

8.2 

i6-Ma/-64 

.S-’ay-54 

20-'a/-S* 

2.9 

9.4 

8«.9 

36.7 

14.7 

12.4 

17.3 

11.6 

9.2 

5.2 

9.2 

15.9 

11.2 

21-*ay-64 

3.; 

J.l 

68.4 

33.0 

19.8 

12.0 

1*.  5 

9.4 

9 

9 

9 

16.7 

9.7 

2c-vay-84 

2.5 

5.8 

57.3 

45.9 

18.9 

:2.3 

16. 6 

12.3 

5 

9 

5 

.7.8 

.2.3 

23-*ay-84 

4.4 

113 

48.7 

34.5 

5.0 

4.6 

.0.7 

4.8 

6 

6 

6 

5.8 

4.8 

24-»ay-64 

2.5 

.2.7 

75.7 

33.7 

••  «! 

7.4 

.5.6 

7.5 

o 

3 

9 

115 

7.5 

25-*ay-84 

:6-*ay-&4 

27-*ay-64 

3.4 

8.9 

75.4 

33.7 

14.2 

;,.4 

15.5 

11.3 

9 

9 

9 

14.6 

11.3 

23-.«ay-3* 

17 

115 

58.7 

32.9 

10.5 

5.3 

14.2 

£.4 

9 

9 

9 

12.0 

6.4 

£9-*a/-64 

2.8 

2.3 

64.2 

*11 

20.5 

117 

£1.0 

.3.? 

3 

3 

9 

21.7 

117 

33-*ay-8» 

3.7 

36.* 

37.7 

38.4 

7.0 

4.  S 

8.5 

4.7 

t 

mt 

5 

6 

7.5 

*.» 

3l-*ay-^ 

3.5 

3.5 

33.3 

•#  j.  7 

16.2 

il.4 

15.8 

14.0 

9 

9 

9 

17.6 

12.6 

0l-Jur-64 

7c-Jl—S* 

2,4 

3.4 

59.8 

44.9 

13.9 

110 

116 

18.2 

5.5 

3.5 

3.5 

116 

*  *  ’ 

•  •4  • 

03-Ju*>-34 

34-j\ft-84 

13 

7.9 

85.9 

3*.  9 

17.7 

12,2 

17.1 

:2.2 

9 

9 

9 

17.4 

li. : 

2j-j„r-c4 

13 

6.1 

186.2 

41.5 

16.6 

.2.2 

5.8 

116 

9 

9 

9 

17.5 

113 

*111  tl  MILL  13  KILL  II  *10.  12  MlO.  *3  ««1 11  MILL  12  MILL  13  MIL.  #2  4  |3  W8  MTES 

MTE  Boaer  (kuh/tOTi)  Hate  (ton/nr)  Sate  (ton/hr!  Rate  (ton/hr)  SHIFT  SHIFT  SHIFT 

_ _ e/o  idle  •»/  idle  w/o  iole  «/  iole  */o  idle  */  idle  (Hrs)  (hre)  !nrs)  »/o  idle  */  idle 


K-Jun-M 

3.6 

14.3 

65.0 

29.6 

7.3 

7.1 

13.3 

11.2 

6 

6 

6 

9.3 

8.6 

07-Jun-84 

3.4 

it.  e 

66.4 

34.4 

16.1 

10.7 

17.1 

10.9 

9 

9 

9 

16.6 

18.8 

08-Jun-84 

3.1 

18.7 

62.2 

44.0 

10.4 

8.2 

15.8 

8.4 

9.5 

9.5 

9.5 

12.3 

8.3 

M-Jun-84 

10- Jon-84 

11- Jun-84 

2.8 

9,8 

66.7 

42.4 

19.1 

14.8 

18.9 

13.7 

9 

9 

9 

19.0 

14.2 

12-Jun-B4 

3.8 

6.1 

70.5 

44.4 

15.2 

11.9 

22.3 

13.6 

9 

9 

9 

16.1 

12.7 

13-Jun-84 

5.3 

28.0 

68,2 

27.8 

10.0 

8.3 

13.3 

8.3 

S 

6 

6 

11.4 

8.3 

lWun-84 

3.5 

5.1 

37.8 

33.1 

11.1 

5.3 

16.3 

5.3 

9 

9 

9 

13.2 

5.3 

;5-Jun-84 

16-Jun-M 

6.8 

4.6 

14.7 

5.0 

9 

9 

9 

9.2 

4.8 

17- Jun-84 

18- Jun-84 

14.4 

9.7 

15.0 

9.5 

9 

9 

9 

14.7 

9.6 

lWun-84 

19.3 

10.0 

17.  a 

9.4 

9 

9 

9 

16.5 

9.7 

28-Jun-84 

9.5 

5.8 

7.5 

6.9 

6 

6 

6 

8.4 

6.3 

21-Jun-64 

14.9 

9.i 

13.9 

9.2 

9 

9 

9 

14.4 

9.2 

?2-Jun-84 

20.5 

9.8 

14.5 

9.8 

9 

9 

9 

17.3 

9.3 

23- Jun-84 

24- Jun-84 

25- JurHM 

2.5 

6.7 

46.3 

27.5 

22.0 

13.0 

18.8 

13.6 

9 

9 

9 

22.2 

13.3 

26-Jun-84 

2.5 

9.1 

87.8 

45.4 

21.2 

14.1 

£3.2 

16.9 

9 

9 

9 

22.1 

15.4 

27-Jun-84 

5.9 

37.8 

18.2 

0.0 

0.0 

0.0 

0.0 

6 

6 

6 

0.0 

0.0 

28-J'jn-SA 

3.2 

9.5 

36.1 

38.8 

.4.5 

8.1 

15,4 

8.2 

9 

9 

9 

14.9 

8,1 

29-Jun-fi4 

33-Jun-64 

eWuI-34 

2.5 

11.5 

64.9 

36.9 

ia.e 

10.5 

17.4 

10.5 

9 

9 

9 

17.7 

10.5 

82-Jul-84 

2.4 

a.  7 

93.9 

47.5 

17.5 

14.0 

13.6 

13.8 

9 

9 

9 

;3.i 

13.9 

I3-J«;*8* 

2.5 

5.6 

73.9 

53.6 

15.6 

11.6 

19.6 

13,5 

10 

.0 

10 

17.4 

12.6 

34-Jui-a* 

M-Jul-8* 

2.9 

5.9 

81.7 

48.8 

17.5 

13.0 

t9.  a 

12.6 

9 

9 

9 

17.3 

12.3 

?6-Jul-64 

2.6 

10.8 

81.3 

47.8 

19.0 

.2.5 

£2.4 

11.6 

9 

9 

9 

20.6 

12.3 

*7-Jd-34 

«8-Jul*84 

09-J<)'.-34 

2.6 

4.9 

93.4 

44.6 

13.8 

14.0 

i\.  3 

11. 6 

9 

9 

9 

20.0 

12.7 

;8-Jul*€4 

2.3 

6.3 

63.7 

51,4 

20.2 

13.3 

52. : 

15.2 

9 

9 

9 

tl.  1 

.4.2 

lt-Jui-84 

4.5 

8,0 

46.3 

21.5 

11.4 

10.9 

10.9 

9.6 

6 

S 

5 

: 

12.2 

12-20-54 

2.7 

»«•  4 

56,5 

36,5 

12.6 

3,7 

.3.3 

8.7 

9 

9 

9 

ll.c 

6.7 

13- 20-64 

14- 20-6* 

15- 20 -64 

3.9 

15.  ♦ 

65.7 

31.2 

13,5 

9.3 

17.3 

10.9 

10 

10 

10 

15.1 

9.6 

I6-J.1-84 

2.6 

ii:.: 

44.1 

9 

9 

9 

17-20-84 

2.: 

68.3 

55.4 

9 

9 

<a 

18-20-84 

2.7 

62.8 

48.1 

0.0 

11.8 

.0,0 

12.0 

6.5 

6.5 

6.5 

20.3 

10.3 

.3-20-54 

2.8 

A.  5 

78,2 

48.5 

11.2 

6.3 

IS.  7 

9.7 

9 

9 

9 

.4.3 

9.2 

2I-JO-S4 

2.6 

12.3 

63.4 

*4,3 

14,8 

7.3 

17.6 

11.0 

9.5 

9.5 

9.5 

li.i 

6.6 

ei-Jul-64 
it- Jo i *64  • 
23-20-34 

2.3 

6.5 

a  3 

51.2 

15.1 

13. : 

15.6 

12.1 

9 

9 

9 

:7.3 

12.6 

24-20-84 

3.3 

7.8 

£3.9 

30.4 

20  0 

.5.7 

tl.  7 

11.7 

9 

9 

3 

li.  a 

.3.4 

25-Jul-S4 

5.6 

11.5 

49.1 

21.2 

15.6 

3.8 

27.1 

J.8 

6 

6 

6 

■ 0.0 

2.3 

£5-20-64 

2.7 

44,9 

34.8 

Is.  1 

i*.0 

20.2 

14, 3 

9 

9 

9 

:9. ; 

*'  ?,  *3  PV5  8G 


0Q7C 


r:.L  r.  vlu  #3 
3?ner  ('•mVicil 


M 

4a*e 


..  r. 

(io*!/-r  I 


kll  « 

9ata  i?op/.ir) 


5ats 


..  *3 
.':or/6rl 


*:.l  rt 
s*:r 


i *;j.  *2 
5<~ 


*3 

s-r-T 


— 

_  */o 

ide 

w/  ic'.e  4/0 

:rie 

h/  tile  */c 

id  ,e 

«/  idle 

(rrs) 

(rrs) 

w/o  idle  */ 

idle 

28- Jul-84 

29-  Ju 1-84 

30- M-84 

3.2 

6.5 

75.9 

62.0 

24.9 

18.4 

23.0 

15.4 

9 

3 

9 

•3.9 

17.4 

31-J’ji— 64 

2.2 

6.6 

62.7 

41.3 

24.9 

14.0 

27.5 

14.9 

c 

■t 

5 

a 

26.1 

14.5 

2l-Gug-84 

3.2 

7.1 

63.8 

47.4 

5.6 

6,4 

17.5 

10.0 

£ 

6 

6 

2.5 

7.6 

02-Gug-34 

3.2 

10.3 

63.3 

35,6 

16.3 

14,7 

12.2 

10.0 

9 

3 

9 

•2,9 

11.  5 

03-Aug-84 

?4-Aug-£4 

3.4 

9.9 

51.4 

35.5 

16.0 

.5,5 

15.0 

12.5 

9 

9 

9 

15.0 

12.5 

35-Bug-84 

06-A^g-a* 

2.9 

7.0 

59.0 

39.5 

17.8 

17.3 

20.5 

17.2 

9 

9 

9 

,  ?f  « 

17.2 

27-A;:-64 

5  1 

k  |  W 

6.7 

83.5 

52.0 

22.5 

13.7 

20.3 

13.5 

9 

g 

q 

£1.6 

■3.6 

08-Aug-84 

5.6 

45.0 

23.4 

c 

6 

6 

0.0 

0.0 

09-A/C-64 

3.3 

7.4 

76.0 

47.5 

19.3 

15.3 

17.6 

13.5 

9 

9 

9 

16.4 

14.3 

'.0-PU3-34 

II-Puc-64 

2.6 

3.7 

64.3 

43.7 

15.2 

11.6 

15.3 

12.3 

9 

9 

9 

15.3 

11.9 

12-Auc~8* 

l3-Aug-84 

2.5 

7.3 

67.2 

36.7 

19.6 

15,1 

23.9 

15.1 

9 

9 

9 

21.6 

15.1 

14-fl*jg-S4 

3.2 

7.4 

72.5 

45.1 

19.1 

13.1 

£2.0 

12.7 

9 

9 

3 

20.5 

12.9 

15-flug-34 

6.3 

8.7 

40.0 

18.8 

19.2 

16.4 

6 

6 

5 

38.3 

32,9 

i6-Aic-8* 

3.9 

9.5 

72.9 

36.0 

16.7 

12.6 

19.2 

12.7 

9 

9 

9 

17,9 

12.7 

17-Puc-S4 

3.3 

5.9 

74.3 

40.6 

13.7 

13.8 

22.7 

14.2 

9 

9 

9 

21.1 

14.0 

18- PiiC-84 

19- Aug-B4 
28-Aug-84 

3.1 

5.7 

75.7 

45.4 

20.6 

17.8 

22.3 

18.4 

9 

9 

9 

21.4 

»d»  1 

£l“Pi>g-64 

3.7 

5.4 

60.0 

37.2 

29.0 

17.0 

31.3 

17.5 

9 

9 

9 

33.1 

17.3 

22-OU5-84 

3.9 

10.5 

56.7 

20.8 

6.8 

5.8 

47.5 

47.5 

6 

6 

6 

11.9 

10.3 

?3-Bug-84 

4.0 

9.7 

75.8 

36.1 

18.5 

12,6 

16.3 

7.6 

9 

9 

9 

17.4 

9.6 

24-flus-84 

2.4 

9.6 

68.3 

38.6 

20.0 

13.5 

21.8 

16.0 

9 

9 

9 

20.9 

14.6 

25-PUC-84 

25-Aug-84 

27-Aug-84 

3.0 

8.6 

75.6 

45.1 

18.1 

11.2 

21.1 

11. 1 

9 

9 

9 

19.5 

11.1 

SG-Pue-84 

2.6 

6.1 

71.9 

47.3 

17.7 

13.6 

20.4 

13.6 

9 

9 

9 

19.9 

13.6 

29-Gug-84 

6.9 

6.5 

52.7 

27.6 

i  P  Q 

W*  J 

12.7 

47.7 

34.4 

6 

6 

6 

23.8 

18.5 

30-Cyg-84 

3.5 

8.3 

62.8 

34.0 

22.1 

14.6 

19.5 

10.0 

9 

9 

9 

20.7 

11.9 

3! -Aug-84 

3.5 

4.4 

62.9 

38.2 

23.9 

19.0 

25.7 

20.0 

9 

9 

9 

24.fi 

19.5 

21 -Sea-84 
02-Sea-84 
83-Se?-84 
34-Seo-84 
85-5*0-84 
«-Seo-84 
«7-S»b-84 
f3-Sei-84 
09-Sea-84 

1 0-Seo-84 

15.5 

6.1 

21.0 

ii. a 

17.7 

10.4 

9 

9 

9 

19.2 

11.1 

ll-S«9-84 

67.3 

46.3 

24.3 

14.4 

20.4 

9.6 

9 

9 

9 

22.2 

11.6 

Ifi-SeHH 

60.0 

13.9 

6 

6 

6 

0.0 

0.0 

l3-Seo-64 

2.9 

10.3 

79.8 

39.4 

11.8 

9.3 

15.0 

8.7 

9 

9 

9 

13.2 

9.0 

14-Sea-S4 

2.8 

9.5 

78,3 

40.4 

16.3 

11.9 

22.5 

11.9 

9 

9 

9 

20.2 

11.9 

.5-8*5-64 

‘.6-Ss5-34 

;7-Ses-34 

2.4 

4.0 

91.3 

49.4 

13.4 

11.3 

17.2 

11.6 

9 

9 

9 

15.1 

11.5 

Mu.  r,  Mu  <3 

MU  #1 

V!_L  *2 

*3 

>I,L  *1 

Kti.  *2 

«LL  *3 

#2  4  #3  PV3  1 

3ft  TE 

2o#e!*  (itim/ion) 

Rate  Cton/hr) 

Sate  (ton/hr) 

Rate  (ton/ 

'■"*) 

sm~ 

ShI.-T 

Snl-- 

-  - 

h/o  idle  **/  idle  w/o  idle  */  idle  w/o  id'.e  *•/ 

icie 

(nrs) 

{5rs) 

(•vs) 

n/o  ids  w/  ic'.e 

:3-S?:-84 

2.8  7.8 

185.3  49.7 

19.8  17.2 

23.6 

17.5 

9 

9 

9 

23.2  17.3 

i5-5e3-s4 

3.8  8.8 

36.1  19.  S 

7.6  4.6 

10.7 

8.8 

6 

6 

6 

E.5  5.8 

23-Seo-34 

8.3  3.3 

78.4  34.7 

15.2  18.8 

17.2 

13.2 

9 

9 

9 

IS,  1  13.1 

DftYS 

105.30 

99.00 

164.08 

154.08 

158.30 

158.00 

157.00 

157.08 

175.00 

175.00 

175.0? 

161.00 

161.80 

*EE'<S 

21 

19.8 

32.8 

32.8 

31.6 

3i.fi 

31.4 

31.4 

35 

35 

35 

32.2 

32.2 

ftvERPcE 

3.14 

3. 14 

63. 16 

37.95 

16.82 

il*  Si 

17.41 

12.01 

8.  *3 

6.43 

8.43 

16.33 

11.52 

’ft*  Vft-uE 

5.98 

35.36 

114.29 

52.00 

42.32 

•51  C* 

W*  •  W-» 

47.59 

47.53 

13.80 

13.03 

10.83 

33.33 

.12.35 

VftRlOKCE 

0.964457  21.05616  312.1493  112.7251  30.81*89  13.15813  36.22176  24.84529 

1.491059 

1.491859 

1.491059 

31.39601  17.7623: 

STD.  DEV. 

0.98  4,59  17.67 

10.62 

5.55  3.63  6.02 

4.96 

1.22 

1.22 

1.22 

5.55  4.21 

EV/flVS 

0.313  0.583  0.259 

0.280 

0.347  0.313  8.346 

0.415 

3.1*5 

0.145 

0.1*5 

3.3*6  3,266 

Si* 

1475,7 

1475.7 

1475.7 

lafla 


Appendix  H 


SHEAR  SHREDDER  DISCHARGE  MATERIAL 
SIZE  DISTRIBUTION  DATA 


SAMPLE:  S-1 


4"  SHEAR 

SCREEN  SIZE: 


\  mm 

305 

203 

152 

102 

51 

25 

12.7  6.4 

3.2 

inches 

12 

8 

6 

4 

2 

1 

1/2  1/4 

1/8 

PAN 

TOTAL 

S8SS8SSSSSSS 

sssssssa: 

======= 

========= 

:SS3SS3S= 

'S3S3SS33S 

sssasssssrsassasss 

;33ssas:s: 

issssssssssaazaass: 

COMPONENT: 

PAPER 

0.00 

0.00 

0.00 

1.21 

6.05 

2.38 

0.40  0.12 

0.00 

0.00 

10.15 

PLASTIC 

0.00 

1.19 

0.25 

3.36 

1.70 

0.94 

0.60  0.13 

0.00 

0.00 

8.17 

CARDBOARD 

0.00 

0.00 

1.14 

2.05 

3.04 

1.32 

0.46  0.08 

0.00 

0.00 

8.10 

TEXTILES 

2.89 

0.00 

0.00 

0.00 

0.18 

0.23 

0.00  0.00 

0.00 

0.00 

3.31 

uooo 

0.00 

0.00 

0.00 

0.00 

0.23 

0.64 

0.21  0.12 

0.00 

0.00 

1.21 

OTHR  ORG 

0.00 

0.00 

0.00 

0.00 

0.00 

0.66 

0.98  1.07 

1.17 

5.41 

9.29 

TTL  ORG 

2.89 

1.19 

1.39 

6.61 

11.21 

6.18 

2.65  1.52 

1.17 

5.41 

40.23 

GLASS 

0.00 

0.00 

0.00 

13.00 

7.74 

7.04 

9.49  7.01 

0.00 

0.00 

44.28 

OTHR  INERT 

0.00 

0.00 

0.00 

0.00 

0.00 

0.88 

0.20  0.33 

3.11 

1.67 

6.18 

TTL  INERT 

0.00 

0.00 

0.00 

13.00 

7.74 

7.92 

9.69  7.34 

3.11 

1.67 

50.47 

FERROUS 

0.00 

0.00 

4.27 

0.00 

0.03 

0.73 

2.76  0.03 

0.10 

0.10 

8.02 

NONFERROUS 

0.00 

0.00 

0.00 

0.00 

1.01 

0.21 

0.03  0.02 

0.00 

0.00 

1.28 

TTL  METALS 

0.00 

0.00 

4.27 

0.00 

1.04 

0.94 

2.79  0.06 

0.10 

0.10 

9.30 

TOTAL 

2.89 

1.19 

5.66 

19.61 

19.9/ 

15.05 

15.13  8.92 

4.38 

7.18 

100.00 

SAMPLE:  S-1 
SCREEN  SIZE: 

COMPONENT: 


mm 

305 

203 

152 

102 

51 

25 

12.7 

6.4 

3.2 

inches 

12 

8 

6 

4 

2 

1 

1/2 

1/4 

1/8 

PAN 

TOTAL 

=s 

ssasass 

asssassssa 

======== 

aaaassacaaa: 

==  =  ===0  ========= 

33393363 

saasaaasasssssoasa 

335360685 

tfssrcssssa 

PAPER 

0.00 

0.00 

0.00 

11.89 

59.61 

23.45 

3.91 

1.14 

0.00 

0.00 

100.00 

PLASTIC 

0.00 

14.57 

3.04 

41.09 

20.85 

11.54 

7.29 

1.62 

0.00 

0.00 

100.00 

CARDBOARD 

0.00 

0.00 

14.08 

25.31 

37.55 

16.33 

5.71 

1.02 

0.00 

0.00 

100.00 

TEXTILES 

87.50 

0.00 

0.00 

0.00 

5.50 

7.00 

0.00 

0.00 

0.00 

0.00 

100.00 

UOOO 

0.00 

0.00 

0.00 

0.00 

19.18 

53.42 

17.81 

9.59 

0.00 

0.00 

100.00 

OTHR  CRG 

0.00 

0.00 

o.co 

0.00 

0.00 

7.12 

10.50 

11.57 

12.63 

58  * 

100.00 

TTL  ORG 

7.19 

2.96 

3.45 

16.44 

27.87 

15.37 

6.58 

3.78 

2.92 

13.4* 

100.00 

GLASS 

o.eo 

0.03 

0.00 

0.00 

0.00 

7.12 

10.50 

11.57 

12.65 

58.19 

100.00 

OTHR  INERT 

0.00 

0.00 

0.00 

29,35 

17.48 

15.91 

21.43 

15.83 

0.00 

0.00 

100.00 

TTL  INERT 

0.00 

0.00 

0.00 

25.75 

15.33 

15.69 

19.20 

14.55 

6.16 

3.31 

100.00 

FERROUS 

0.00 

0.00 

S3. 20 

0.00 

0.41 

9.07 

34.43 

0.41 

1.24 

1.24 

10C. 00 

NONFERROUS 

o.co 

0.00 

0.00 

0.00 

78.71 

16.77 

2.58 

1.94 

0.00 

0.00 

100.00 

TTL  METALS 

0.00 

0.00 

45.87 

0.00 

11.20 

10.13 

30.04 

0.62 

1.07 

1.07 

100.00 

TOTAL 

2.89 

1.19 

5.66 

19.61 

19.99 

15.05 

15.13 

8.92 

4.33 

7.18 

100.00 

SAMPLE:  S*2 


4"  SHEAR 


SCREEN  SIZE: 


COMPONENT: 


m 

305 

203 

152 

102 

51 

25 

12.7 

6.4 

3.2 

inches 

12 

s 

6 

4 

2 

1 

1/2 

1/4 

1/8 

PAN 

TOTAL 

PAPER 

0.00 

0.00 

0.98 

9.34 

5.92 

4.99 

1.22 

0.26 

0.00 

0.00 

22.72 

PLASTIC 

0.00 

0.18 

5.20 

4.59 

2.55 

1.23 

0.27 

0.07 

0.00 

0.00 

14.09 

CARDBOARD 

0.00 

0.00 

0.00 

6.83 

4.73 

2.54 

0.75 

0.18 

0.00 

0.00 

15.04 

TEXTILES 

0.00 

0.00 

0.67 

0.00 

0.31 

0.14 

0.00 

0.00 

0.00 

0.00 

1.13 

WOOD 

0.00 

0.00 

0.00 

0.94 

0.38 

0.39 

0.16 

0.09 

0.00 

0.00 

1.96 

OTHR  ORG 

0.00 

0.00 

1.60 

3.04 

2.17 

5.69 

3.73 

4.03 

3.37 

0.00 

23.64 

TTL  ORG 

0.00 

0.18 

8.45 

24.76 

16.07 

14.98 

6.14 

4.63 

3.37 

0.00 

78.58 

GLASS 

0.00 

0.00 

0.00 

0.00 

0.64 

1.52 

4.52 

4.55 

0.00 

0.00 

11.23 

OTHR  INERT 

0.00 

0.00 

0.00 

0.00 

0.00 

0.53 

0.65 

0.09 

2.25 

0.00 

3.53 

TTL  INERT 

0.00 

0.00 

0.00 

0.00 

0.64 

2.05 

5.17 

4.65 

2.25 

0.00 

14.76 

FERROUS 

0.00 

0.00 

3.00 

0.94 

2.65 

1.05 

0.10 

C.35 

0.02 

0.00 

5.10 

NONTERROUS 

0.00 

0.00 

0.00 

0.38 

0.85 

0.26 

0.03 

0.02 

0.01 

0.00 

1.56 

TTL  METALS 

0.00 

0.00 

0.00 

1.32 

3.50 

1.31 

0.14 

0.37 

0.03 

0.00 

6.66 

TOTAL 

0.00 

0.18 

8.45 

26.07 

20.21 

18.34 

11.45 

9.64 

5.65 

0.00 

100.00 

SAMPLE:  $-2 
SCREEN  SIZE: 


COMPONENT: 


4 


m 

305 

203 

152 

102 

51 

25 

12.7 

6.4 

3.2 

inches 

12 

8 

6 

4 

2 

1 

1/2 

1/4 

1/8 

PAN 

TOTAL 

aoaassasssss 

sa===3S 

sggaccsaggaiastaaoas 

sscassana 

asaussasasaaaaaasaasssagaasa 

SCS3 

53ceassc 

PAPER 

0.00 

0.00 

4.32 

41,14 

26.06 

21.96 

5.37 

1.15 

0.00 

0.00 

100.00 

PLASTIC 

0.00 

’.30 

36.89 

32.59 

18.12 

8.70 

1.92 

0.49 

0.00 

0.00 

100.00 

CASDEGARO 

0.00 

0.00 

0.00 

45 

31,46 

16.91 

5.00 

1.18 

0.00 

0.00 

100.00 

TEXTILES 

0.00 

0.00 

59.49 

OO 

27.54 

12.57 

0.40 

O.GO 

0.00 

0.00 

100.00 

wooo 

O.OG 

0.00 

0.00 

..S' 

19.40 

19.86 

8.27 

4.53 

0.00 

0.00 

ico.oo 

OTHR  ORG 

0.00 

0.00 

6.77 

•  .  -5 

9.19 

24.09 

15.78 

17.05 

14.25 

0.00 

100.00 

TTL  ORG 

0.00 

0.23 

10.76 

31.50 

20.45 

19.07 

7.81 

5.89 

4.29 

o.co 

100.00 

GLASS 

0.00 

0.00 

6.77 

12.88 

V  19 

24.09 

15.78 

17.05 

14.25 

0.00 

100.00 

OTHR  INERT 

0.00 

0.00 

0.00 

0.00 

5.63 

T3.50 

40.26 

40.56 

0.00 

0.00 

100.00 

TTL  INERT 

0.00 

0.00 

0.00 

0.00 

4.32 

13.87 

35.06 

31.49 

15.26 

0.00 

100.00 

FERROUS 

0.00 

0.00 

0.00 

10.43 

51.91 

20.49 

2.02 

6.60 

0.56 

0.00 

10Q.00 

NONTERROUS 

0.00 

0.00 

0.00 

24.04 

54.47 

16.84 

2.15 

1.57 

0.93 

0.00 

100.00 

TTL  METALS 

0.00 

0.00 

0.00 

19.74 

52.51 

19.63 

2.05 

5.57 

0.49 

0.00 

100.00 

TOTAL 

0.00 

0.18 

8.45 

26.07 

20.21 

16.34 

11.45 

9.64 

5.65 

0.00 

100.00 

i 


SAMPLE:  S-3  4" 

SHEAR 

SCREEN  SIZE: 

mm 

305 

203 

152 

102 

inches 

12 

8 

6 

4 

COMPONENT: 

PAPER 

0.00 

0.00 

0.00 

10.77 

PLASTIC 

0.00 

0.52 

0.94 

3.72 

■'ARDBOARD 

0.00 

0.00 

4.41 

5.25 

TEXTILES 

0.00 

0.00 

1.29 

2.68 

WOOD 

0.00 

0.00 

0.00 

0.00 

OTHR  ORG 

0.00 

0.00 

0.00 

0.00 

TTL  ORG 

0.00 

0.52 

6.64 

22.42 

GLASS 

0.00 

0.00 

0.00 

0.00 

OTHR  INERT 

0.00 

0.00 

0.00 

0.00 

TTL  INERT 

0.00 

0.00 

0.00 

0.00 

FERROUS 

0.00 

0.00 

1.12 

2.36 

NON FERROUS 

0.00 

0.00 

0.00 

0.13 

TTL  METALS 

0.00 

0.00 

1.12 

2.49 

TOTAL 

0.00 

0.52 

7.76 

24.91 

51  25  12.7  6.4  3.2 


2 

1 

1/2 

1/4 

1/8 

PAN 

TOTAL 

7.23 

3.98 

1.07 

0.12 

0.00 

0.00 

23.17 

4.18 

0.S4 

0.22 

0.12 

0.00 

0.00 

10.55 

5.17 

1.34 

0.30 

0.04 

0.00 

0.00 

16.51 

1.12 

0.16 

0.08 

0.00 

0.00 

0.00 

5.34 

0.52 

0.14 

0.10 

0.05 

0.00 

0.00 

0.81 

0.00 

1.44 

1.58 

2.53 

1.81 

5.31 

12.6E 

18.22 

7.91 

3.35 

2.87 

1.81 

5.31 

69.05 

3.63 

3,00 

4.12 

2.67 

0.00 

0.00 

13.42 

1.69 

2.72 

1.38 

0.42 

1.19 

1.42 

8.82 

5.32 

5.71 

5.50 

3.09 

1.19 

1.42 

22.24 

0.82 

0.74 

0.46 

0.50 

0.00 

0.15 

6.15 

1.81 

0.52 

0.10 

0.02 

0.00 

0.00 

2.54 

2.63 

1.26 

0.55 

0.51 

0.00 

0.15 

8.71 

26.17 

14.88 

9.41 

6.48 

3.00 

6.89 

100.0C 

SAMPLE:  S-3 


SCREEN  SIZE: 


COMPONENT 


mm 

305 

203 

152 

102 

51 

25 

12.7 

6.4 

3.2 

inches 

12 

8 

6 

4 

2 

1 

1/2 

1/4 

1/8 

PAN 

TOTAL 

- 

sanassssassaBaaecsastoRsasss 

ssmaxsrassx 

aasaasz 

aasaaassaaaasaBssesssasBBSSsacaacsss 

asaaaaassa 

SSSS373 

PAPER 

0.00 

0.00 

0.00 

46.47 

31.20 

17.17 

4.62 

0.53 

0.00 

0.00 

100.00 

PLASTIC 

0.00 

4.95 

8.88 

35.29 

39.67 

8.01 

2.10 

1.11 

0.00 

0.00 

100.00 

CARDBOARD 

0.00 

0.00 

26.71 

31.80 

31.33 

8.10 

1.79 

0.27 

0.00 

0.00 

100.00 

TEXTILES 

0.00 

0.00 

24.17 

50.29 

21.03 

3.03 

1.48 

0.00 

0.00 

0.00 

100.00 

UOOC 

0.00 

0.00 

O.CO 

0.00 

63.31 

17.34 

12.77 

6.39 

0.00 

0.00 

100.00 

OTHR  ORG 

0.00 

0.00 

0.00 

0.00 

0.00 

11.37 

12.50 

19.98 

14.24 

41.91 

100.00 

TTL  OSG 

0,00 

0.76 

9.61 

32.47 

26.39 

11.45 

4.86 

4.16 

2.61 

7.70 

100.00 

GLASS 

0.00 

0.00 

0.00 

0.00 

0.02 

11,37 

12,50 

19. 9P, 

14.24 

41.91 

100.00 

OTHR  INERT 

0.00 

0.00 

0.00 

O.CO 

27.03 

22.33 

30.71 

19,93 

0.00 

0.00 

100.00 

TTL  INERT 

0.00 

0.00 

0.00 

0.00 

23.90 

25.69 

24.74 

13.91 

5.36 

6.40 

100.00 

FERROUS 

0.00 

0.00 

18.24 

38.42 

13.36 

12.01 

7.40 

8.08 

0.00 

2.46 

100.00 

WONFERROUS 

0.00 

0.00 

0.00 

4.91 

70.47 

20.27 

3.76 

0.60 

0.00 

0.00 

100.00 

TTL  METALS 

0.00 

0.00 

12.87 

28.56 

30.16 

14.44 

6.33 

5.68 

0.00 

1.73 

100.00 

TOTAL 

0.00 

0.52 

7.76 

24.91 

26.17 

14.83 

9.41 

6,48 

3.00 

6.69 

100.00 

SAMPLE:  S-4 


4"  SHEAR 


SCREEN  SI2E: 


mm 

305 

203 

152 

102 

51 

25 

12.7 

6.4 

3.2 

inches 

12 

8 

6 

4 

2 

1 

1/2 

1/4 

1/8 

PAN 

TOTAL 

= 

S35S33CS 

3333333333 

533333S33S3S3333S. 

3333333333 

33333333: 

3SS33C333 

333533333 

33333333333: 

333333S 

333333333 

COMPONENT: 

PAPER 

0.00 

0.00 

0.00 

3.72 

5.55 

2.70 

0.77 

0.40 

0.22 

0.00 

13.36 

PLASTIC 

0.00 

0.00 

3.80 

3.54 

5.07 

2.52 

0.44 

0.33 

0.51 

0.00 

16.20 

CARDBOARD 

0,00 

0.00 

0.00 

5.11 

8.18 

3.98 

1.13 

0.07 

0.07 

0.00 

18.54 

TEXTILES 

0.00 

0.00 

0.00 

0.00 

1.79 

1.09 

1.53 

0.00 

0.00 

0.00 

4.42 

WOOD 

0.00 

0.00 

0.00 

0.00 

0.00 

2.81 

2.23 

0.73 

0.40 

0.00 

6.17 

OTKR  0R6 

0.00 

0.00 

0.00 

0.00 

1.39 

1.46 

3.61 

3.07 

1.57 

7.01 

18.10 

TTL  ORG 

0.00 

0.00 

3.80 

12.37 

21.97 

14.56 

9.71 

4.60 

2-77 

7.01 

76.79 

GLASS 

0.00 

0.00 

0.00 

0.00 

2.77 

4.82 

1.86 

0.95 

0.00 

1.75 

12.15 

OTHR  INERT 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0,36 

1.31 

1.68 

TTL  INERT 

0.00 

0.00 

0.00 

0.00 

2.77 

4.82 

1,86 

0.95 

C.36 

3.07 

13.83 

FERROUS 

0.00 

0.00 

0.00 

1.13 

1.75 

4.34 

0.44 

0.11 

0.04 

0.03 

7.84 

NON FERROUS 

0.00 

0.00 

0.00 

0.00 

0.66 

0.62 

0.22 

0.04 

0.0G 

0.00 

1.53 

TTL  METALS 

0.00 

0.00 

0.00 

1.13 

2.41 

4.96 

0.66 

0.15 

0.0* 

0.03 

9.38 

TOTAL 

0.00 

o.co 

3.80 

13.50 

27.15 

24.34 

12.23 

5.69 

3.16 

10.11 

100.00 

SAMPLE:  S-4 


SCREEN  SIZE: 


COMPONENT 


nm 

305 

203 

152 

102 

51 

25 

12.7 

6.4 

3.2 

inches 

12 

8 

6 

4 

2 

1 

1/2 

1/4 

1/8 

PAN 

TOTAL 

:===== 

5383333333: 

sssussATssaa 

8833883 

•33EC33ESCS 

33333333= 

6853SS “ 385 

====== 

=====..=== 

PAPER 

0.00 

0.00 

0.00 

27.87 

41.53 

20.22 

5.74 

3.01 

1.64 

0.00 

100.60 

PLASTIC 

O.OQ 

0.00 

23.42 

21.85 

31.31 

15.54 

2.70 

2.03 

3.15 

0.00 

100.00 

CARDBOARD 

0.00 

0.00 

0.00 

27.56 

44.09 

21.46 

6.10 

0.39 

0.39 

0.00 

100.00 

TEXTILES 

0.00 

0.00 

0.00 

0.00 

40.50 

24.79 

34.71 

0.00 

0.00 

0.00 

100.00 

9000 

0.00 

0.00 

0.00 

0.00 

0.00 

45.56 

36.09 

11.83 

6.51 

0.00 

100.00 

OTKR  ORG 

0.00 

0.00 

0.00 

0.00 

7.66 

8.06 

IV. 96 

16.94 

8.67 

38.71 

lOO.Gt 

TTL  ORG 

0.00 

0.00 

4.94 

16.11 

28.61 

18.96 

12.64 

5.99 

3.61 

9.13 

100.00 

GLASS 

0.00 

0.00 

0.00 

0.00 

7.66 

8.06 

19.96 

16.94 

8.67 

38.71 

100.00 

OTKR  INERT 

0.00 

0.00 

0.00 

0.00 

22.82 

39.64 

15.32 

7.81 

0.03 

14.41 

100.00 

TTL  INERT 

0.00 

0.00 

0.00 

0.00 

20.05 

34.33 

13.46 

6.86 

2.64 

22.16 

100.00 

FERROUS 

0.00 

0.00 

0.00 

14.43 

22.34 

55.37 

5.58 

1.40 

0.47 

0.42 

100.00 

KONFERROUS 

o.co 

0.00 

0.00 

0.00 

42.86 

40.48 

14.29 

2. 33 

0.00 

0.00 

100.00 

TTL  METALS 

0.00 

0.00 

0.00 

12.07 

25.69 

52.94 

7.01 

1.56 

0.39 

0.55 

100.00 

TOTAL 

0.00 

0.00 

3.60 

13.50 

27.15 

24,34 

12.23 

5.69 

3.18 

10.11 

1C0.00 

SAMPLE:  S*5 
SCREEN  SIZE: 


4“  SHEAR 


COMPONENT: 


mm 

305 

203 

152 

102 

25 

12.7 

6.4 

3.2 

inches 

12 

8 

6 

4 

1 

1/2 

1/4 

1/8 

PAN 

TOTAL 

I3SS8SSSSSS3 

:=SSSS23SSSS8X:8S8233B:aiCBS33=8. 

r^asssassaassassssafisassaassassssss 

ascasaaa: 

S8S8SS8S, 

PAPER 

0.00 

0.00 

0.00 

3.49  3.53 

1.67 

0.33 

0.25 

0.17 

0.00 

9.43 

PLASTIC 

0.00 

0.00 

7.59 

3.47  6.86 

1.36 

0.19 

0.31 

0.36 

0.00 

20.15 

CARD80ARD 

0.00 

8.42 

0.00 

8.28  3.03 

3.44 

0.56 

0.00 

0.06 

0.00 

23.78 

TEXTILES 

0.00 

0.00 

0.00 

0.00  0.56 

0.00 

0.00 

0.00 

0.00 

C.00 

0.56 

uooo 

0.00 

0.00 

0.00 

0.00  0.00 

1.64 

1.33 

0.42 

0.67 

0.00 

4.06 

OTHR  ORG 

0.00 

0.00 

0.00 

0.00  1.19 

0.58 

5.00 

2.14 

1.03 

5.00 

14.94 

TTL  ORG 

0.00 

8.42 

7.59 

15.24  15.17 

8.69 

7.42 

3.11 

2.28 

5.00 

72.92 

GLASS 

0.00 

0.00 

0.00 

9.23  1.89 

3.00 

1.11 

0.56 

0.00 

0.04 

15.82 

OTHR  INERT 

0.00 

0.00 

0.00 

0.00  0.00 

0.00 

0.56 

0.00 

0.39 

1.17 

2.11 

TTL  INERT 

0.00 

0.00 

0.00 

9.23  1.89 

3.00 

1.67 

0.56 

0.39 

1.20 

17.93 

FERROUS 

0.00 

0.00 

0.00 

1.81  1.50 

3.75 

0.17 

0.17 

0.00 

0.01 

7.40 

NON FERROUS 

0.00 

0.00 

0.00 

0.00  1.56 

0.08 

0.00 

0.11 

0.00 

0.00 

1.75 

TTL  METALS 

0.00 

0.00 

0.00 

1.81  3.06 

3.83 

0.17 

0.28 

0.00 

0.01 

9.15 

TOTAL 

0.00 

8.42 

7.59 

26.28  20.11 

15.53 

9.25 

3.94 

2.67 

6.22 

100.00 

SAMPLE:  S-5 


SCREEN  SIZE: 


COMPONENT: 


m 

305 

203 

152 

102 

51 

25 

12.7 

6.4 

3.2 

inches 

12 

8 

6 

4 

2 

1 

1/2 

1/4 

1/8 

PAN 

TOTAL 

2uSSac*C3E2 

saaeasaaa 

;s98ses 

S833&S3SS 

caacstaa  &  a  s  sseav  s  as  s 

23232335333888  Wfl 

PAPER 

0.00 

0.00 

0.00 

36.98 

37.40 

17.67 

3.53 

2.65 

1.77 

0.00 

100.00 

PLASTIC 

0.00 

0.00 

37.68 

17.24 

34.05 

6.75 

0.96 

1 .52 

1.79 

0.00 

100.00 

CARDBOARD 

0.00 

35.40 

0.00 

34.81 

12.73 

14.49 

2.34 

0.00 

0.23 

0.00 

100.00 

TEXTILES 

0.00 

0.00 

0.00 

0.00 

100.00 

0.00 

0.00 

0.00 

0.00 

0.00 

100.00 

uooo 

0.00 

0.00 

0.00 

0.00 

0.00 

40.41 

32.88 

10.27 

16.44 

0.00 

100.00 

OTHR  ORG 

0.00 

0.00 

0.00 

0.00 

7.99 

3.90 

33.46 

14.31 

6.88 

33.46 

100.00 

TTL  ORG 

0.00 

11.54 

10.41 

20.90 

20.60 

11.92 

10.17 

4.27 

3.12 

6.66 

100.00 

GLASS 

0.00 

0.00 

o.co 

0.00 

7.99 

3.90 

33.46 

14.31 

6.88 

33.46 

100.00 

OTHR  INERT 

0.00 

0.00 

0.00 

58.34 

11.94 

18.96 

7.02 

3.51 

0.00 

0.23 

100.00 

TTL  INERT 

0.00 

0.00 

0.00 

51.47 

1C. 53 

16.73 

9.29 

3.10 

2.1? 

6.71 

100.00 

FERROUS 

0.00 

0.00 

0.00 

24.39 

20.26 

50.66 

2. 25 

2.25 

0.00 

0.19 

100.00 

WON FERROUS 

0,00 

0.00 

0.00 

0.00 

63.59 

4.76 

0.00 

6.35 

0.00 

0.00 

100.00 

TTL  METALS 

0.00 

0.00 

0.00 

19.73 

33.38 

41.,  J 

1.32 

3.03 

0.00 

0.15 

100. on 

TOTAL 

0.00 

8.42 

7.59 

26.28 

20.11 

15.53 

9.25 

3.94 

2.67 

6.22 

100.00 

SAMPLE:  S-6  4"  SHEAR 


SCREEN  SIZE: 


mm 

inches 

305 

12 

203 

3 

152 

6 

1CZ 

4 

51 

2 

25 

1 

12.7 

1/2 

6.4 

1/6 

3.2 

1/8 

PAN 

TOTAL 

COMPONENT: 

PAPER 

0.00 

0.00 

0.00 

14.49 

4.64 

1.81 

2.13 

0.49 

0.00 

0.00 

23.55 

PLASTIC 

0.00 

0.00 

13.65 

0.72 

2.92 

1.72 

1.41 

0.67 

0.00 

0.00 

21.09 

CARDBOARD 

0.00 

0.00 

0.00 

1.51 

0.00 

0.81 

0.81 

0.63 

0.00 

0.00 

3.75 

TEXTILES 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.37 

0.00 

0.00 

0.37 

WOOD 

0.00 

0.00 

0.00 

0.00 

0.30 

0.46 

0.35 

1.39 

0.63 

0.00 

3.43 

OTHR  ORG 

0.00 

0.00 

0.00 

G.00 

0.00 

0.53 

2.67 

3.38 

2.78 

13.72 

23.08 

TTL  ORG 

0.00 

0.00 

13.65 

16.71 

7.86 

5.33 

7.37 

6.93 

3.71 

13.72 

75.28 

GLASS 

0.00 

0.00 

0.00 

0.00 

0.00 

3.22 

4.61 

2.50 

1.11 

0.00 

11.45 

OTHR  INERT 

0.00 

0.0? 

0.00 

0.00 

0.00 

0.00 

0.00 

0.51 

1.76 

6.84 

9.11 

TTL  INERT 

0.00 

0.00 

0.00 

0.00 

0.00 

3.22 

4.61 

3.01 

2.87 

6.84 

20.56 

FERROUS 

0.00 

0.00 

0.00 

0.00 

,.11 

0.15 

0.06 

0.02 

0.06 

0.23 

1.63 

NONFERROUS 

0.00 

0.00 

0.00 

0.00 

2.41 

0.05 

0.07 

0.00 

0.00 

0.00 

2  53 

TTL  METALS 

0.00 

0.00 

0.00 

0.00 

3.52 

0.19 

0.13 

0.02 

0.06 

0.23 

4.16 

TOTAL 

0.00 

0.00 

13.^5 

16.71 

11.38 

8.75 

12.11 

9.97 

6.64 

20.79 

100.00 

SAMPLE :  S-6 


SCREEN  SIZE: 


mm 

inches 

305 

12 

203 

8 

152 

6 

102 

4 

51 

2 

25 

1 

12.7 

1/2 

6.4 

1/4 

3.2 

1/8 

PAN 

TOTAL 

COMPONENT : 

PAPER 

0.00 

n.OO 

0.00 

61.52 

19.69 

7.68 

9.06 

2.07 

0.00 

0.00 

100.00 

PLASTIC 

0.00 

0.00 

64.73 

3.41 

13.85 

8.13 

6.70 

3.19 

0.00 

0.00 

100.00 

CARDBOARD 

0.00 

0.00 

0.00 

40.12 

0.00 

21.60 

21.60 

16.67 

0.00 

0.00 

100.00 

TEXTILES 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

100.00 

0.00 

0.00 

100.00 

WOOD 

0.00 

0.00 

0.00 

0.00 

8.78 

13.51 

10.14 

40.54 

27.03 

0.00 

100.00 

OTHR  ORG 

0.00 

0.00 

0.00 

0.00 

0.00 

2.31 

11.55 

14.66 

12  05 

59.44 

100.00 

TTL  ORG 

0.00 

0.00 

18.13 

22.20 

10.44 

7,08 

9.79 

9.21 

4. 93 

18.23 

100.00 

GLASS 

0.00 

0.00 

0.00 

0.00 

0.00 

2.31 

11.55 

14.66 

12.05 

59.44 

100.00 

OT"P  INERT 

0.00 

0.00 

0.00 

0.00 

0.00 

28.14 

40.28 

21.86 

9.72 

0.00 

100.00 

TTL  INERT 

0.00 

0.00 

0.00 

0.00 

0.00 

15.67 

22.44 

14.66 

13.98 

33.26 

100.00 

FERROUS 

0.00 

o.co 

0.00 

0.00 

68.09 

8.94 

3.83 

1.42 

3.55 

14.18 

100.00 

NONFERROUS 

0.00 

0.00 

0.00 

0.00 

95.33 

1.92 

2.75 

0.00 

0.00 

0.00 

100.00 

TTL  METALS 

0.00 

0.00 

0.00 

0.00 

84.63 

4.68 

3.17 

0.56 

1.39 

5.57 

100.00 

TOTAL 

0.00 

0.00 

1 5.65 

16.71 

11.38 

8.75 

12.11 

9.97 

6.64 

20.79 

100.00 

SAMPLE:  $-7 


4"  SHEAR 

9PPFFM  ^I7F» 

(in  305  203  152  102  51  25  12.7  6.4  3.2 

inches  12  8  6  4  2  1  1/2  1/4  1/8  PAM  TOT/ 


COMPONENT : 


PAPER 

0.00 

0.70 

5.50 

11.44 

16.66 

4.55 

0.76 

0.15 

0.00 

0.00 

39.1 

PLASTIC 

0.00 

0.00 

0.00 

1.92 

1.80 

1.42 

1.06 

0.51 

0.00 

0.00 

6.1 

CARDBOARD 

0.00 

0.00 

0.32 

6.23 

4.69 

0.49 

0.47 

0.13 

0.00 

0.00 

12.2 

TEXTILES 

0.00 

0.00 

0.00 

1.40 

1.18 

0.19 

0.02 

0.04 

0.00 

0.00 

2.2 

WOOD 

0.00 

0.00 

0.00 

0.00 

2.13 

2.07 

0.57 

0.27 

0.00 

0.00 

5.( 

OTHR  ORG 

0.00 

0.00 

0.00 

1.61 

0.00 

0.74 

1.14 

1.71 

1.14 

4.18 

io.: 

TTL  ORG 

0.00 

0.70 

6.32 

22.60 

26.46 

9.47 

4.02 

2.81 

1.14 

4.18 

77.1 

GLASS 

0.00 

0.00 

0.00 

0.00 

2.28 

3.83 

3.19 

3.61 

1.23 

0.00 

14.1 

OTHR  INERT 

0.00 

0.00 

0.00 

0.00 

0.00 

0.57 

0.00 

0.19 

0.23 

1.16 

2.1 

TTL  INERT 

0.00 

0.00 

0.00 

0.00 

2.28 

4.40 

3.19 

3.80 

1.46 

1.16 

16.2 

FERROUS 

0.00 

0.00 

0.00 

1.56 

0.76 

0.82 

0.04 

0.03 

0.23 

o.or 

3.2 

NONFERROUS 

0.00 

0.00 

0.00 

0.00 

0.47 

2.07 

0.04 

0.01 

0.00 

0.00 

2.: 

TTL  METALS 

0.00 

0.00 

0.00 

1.56 

1.23 

2.88 

0.08 

0.04 

0.23 

0.00 

6.C 

TOTAL 

0.00 

0.70 

6.32 

24.16 

29.97 

16.76 

7.29 

6.64 

2.83 

5.33 

100. C 

SAMPLE:  S-7 


SCREEN  SIZE: 


mm 

inches 

305 

12 

203 

8 

152 

6 

102 

4 

51 

2 

25 

1 

12.7 

1/2 

•s  • 

3.2 

1/8 

PAN 

TOT/ 

COMPONENT: 

PAPER 

0.00 

1.77 

13.84 

28.77 

41.89 

11.45 

1.91 

0.38 

0.00 

0.00 

100. C 

PLASTIC 

0.00 

0.00 

0.00 

28.53 

26.84 

21.19 

15.82 

7.63 

0.00 

0.00 

100. C 

CARDBOARD 

0.00 

0.00 

6.36 

48.52 

36.54 

3.85 

3.70 

1.04 

0.00 

0.00 

100. C 

TEXTILES 

c.oo 

0.00 

0.00 

49.66 

41.61 

6.71 

0.67 

1.34 

0.00 

0.00 

100. C 

WOOD 

0.00 

0.00 

0.00 

0.00 

42.26 

41.13 

11.32 

5.28 

0.00 

0.00 

100. C 

OTHR  ORG 

0.00 

0.00 

0.00 

15.34 

0.00 

7.04 

10.83 

16.25 

10.83 

39.71 

100. C 

TTL  ORG 

0.00 

0.90 

8.13 

29.09 

34.05 

12.19 

5.18 

3.62 

1.47 

5.37 

100. c 

GLASS 

0.00 

0.00 

0.00 

15.34 

0.00 

7.04 

10.83 

16.25 

10.83 

39.71 

100. c 

OTHR  INERT 

0.00 

0.00 

0.00 

0.00 

16.11 

27.11 

22.55 

25.50 

8.72 

0.00 

100. c 

iTL  INERT 

0.00 

0.00 

0.00 

0.00 

13.99 

27.04 

19.58 

23.31 

8.97 

7.11 

100.0 

FERROUS 

0.00 

0.00 

0.00 

45.43 

22.16 

23.82 

1.11 

0.83 

6.65 

0.00 

100.0 

NONFERROUS 

0.00 

0.00 

0.00 

0.00 

18.32 

79.85 

1.47 

0.37 

0.00 

0.00 

100.0 

TTL  METALS 

0.00 

0.00 

0.00 

25.8/ 

20.50 

47.95 

1.26 

0.63 

3.79 

0.00 

100.0 

TOTAL 

0.00 

0.70 

6.32 

24.16 

29.97 

16.76 

7.29 

6.64 

2.83 

5.33 

100.0 

SAMPLE :  S-8 
SCREEN  SIZE: 


4"  SHEAR 


mn 

inches 


305 

12 


203 

8 


152 

6 


102 

4 


51 

2 


25 

1 


12.7 

1/2 


6.4 

1/4 


3.2 

1/8 


PAN 


TOTAL 


i>iuM»>ii»itH«»initsucuscs>i>»iunuuu»*>»>n>*>uan>>>c><Iua>1>,>,u<,,u' 


cunruHENi : 

PAPER 

0.00 

0.46 

0.77 

5.86 

4.96 

1.96 

0.55 

0.12 

0.00 

0.00 

14.67 

PLASTIC 

0.00 

1.44 

0.47 

2.10 

2.02 

0.47 

0.37 

0.02 

0.00 

0.00 

6.88 

CARDBOARD 

0.00 

4.11 

4.59 

4.16 

2.41 

1.17 

0.18 

0.00 

0.00 

0.00 

16.64 

TEXTILES 

0.00 

3.73 

0.00 

1.00 

0.04 

0.47 

0.00 

0.01 

0.00 

0.00 

5.26 

WOOD 

0.00 

0.00 

3.65 

3.59 

6.33 

2.87 

1.32 

0.65 

0.00 

0.00 

18.41 

OTHR  ORG 

0.00 

0.00 

0.00 

0.22 

1.81 

2.31 

1.25 

0.47 

0.44 

1.46 

7.97 

TTL  ORG 

0.00 

9.74 

9.49 

16.94 

17.58 

9.25 

3.67 

1.27 

0.44 

1.46 

69.84 

GLASS 

0.00 

0.00 

0.00 

0.00 

0.44 

1.79 

2.51 

0.44 

0.08 

0.00 

5.26 

OTHR  INERT 

0.00 

0.00 

0.00 

0.00 

2.22 

1.55 

1.08 

0.38 

0.10 

1.33 

6.67 

TTL  INERT 

0.00 

0.00 

0.00 

0.00 

2.66 

3.34 

3.59 

0.82 

0.18 

1.33 

11.93 

FERROUS 

0.00 

0.00 

7.48 

0.00 

6.46 

0.50 

0.54 

0.05 

0.16 

0.00 

15.17 

HONFERROUS 

0.00 

0.00 

0.00 

0.00 

1.59 

0.54 

0.90 

0.01 

0.03 

0.00 

3.06 

TTL  METALS 

0.00 

0.00 

7.48 

0.00 

8.05 

1.03 

1.44 

0.05 

0.18 

0.00 

18.23 

TOTAL 

0.00 

9.74 

16.97 

16.94 

28.29 

13.62 

8.69 

2.15 

0.81 

2.79 

100.00 

SAMPLE:  S-8 


SCREEN  SIZE: 


urn 

305 

203 

152 

102 

51 

25 

12.7 

6.4 

3.2 

inches 

12 

8 

6 

4 

2 

1 

1/2 

1/4 

1/8 

PAN 

TOTAL 

55EESEESS 

COMPONENT: 

$.74 

100.00 

PAPER 

0.00 

3.11 

5.25 

39.95 

33.81 

13.35 

0.80 

0.00 

0.00 

PLASTIC 

0.00 

20.85 

6.82 

30.52 

29.38 

6.82 

5.31 

0.28 

0.00 

0.00 

100.00 

CARDBOARD 

0.00 

24.71 

27.61 

25.02 

14.51 

7.06 

1.10 

0.00 

0.00 

0.00 

100.00 

TEXTILES 

0.00 

70.95 

0.00 

19.10 

0.77 

8.93 

0.00 

0.25 

0.00 

0.00 

100.00 

WOOD 

0.00 

0.00 

19.84 

19.49 

34.37 

15.59 

7.16 

3.54 

0.00 

0.00 

100.00 

OTHR  ORG 

0.00 

0.00 

0.00 

2.78 

22.75 

28.97 

15.71 

5.89 

5.56 

18.33 

100.00 

TTL  ORG 

0.00 

13.94 

13.58 

24.25 

25.17 

13.25 

5.25 

1.82 

0.64 

2.09 

100.00 

GLASS 

0.00 

0.00 

0.00 

2.78 

22.75 

28.97 

15.71 

5.89 

5.56 

18.33 

100.00 

OTHR  INERT 

0.00 

0.00 

0.00 

0.00 

8.44 

34.00 

47.64 

8.44 

1.49 

0.00 

100.00 

TTL  INERT 

0.00 

0.00 

0.00 

0.00 

22.32 

28.01 

30.09 

6.89 

1.53 

11.16 

100.00 

FERROUS 

0.00 

0.00 

49.29 

0.00 

42.58 

3.27 

3.53 

0.30 

1.03 

0.00 

100.00 

NONFERROUS 

0.00 

0.00 

0.00 

0.00 

52.03 

17.48 

29.42 

0.21 

0.85 

0.00 

100.00 

TTL  METALS 

0.00 

0.00 

41.02 

0.00 

44.17 

5.65 

7.87 

0.29 

1.00 

0.00 

100.00 

TOTAL 

0.00 

9.74 

16.97 

16.94 

28.29 

13.62 

8.69 

2.15 

0.81 

2.79 

100.00 

SAMPLE:  S-9  4»  SHEAR 


SCREEN  SIZE: 


mm 

305 

203 

152 

102 

51 

25 

12.7 

6.4 

3.2 

inches 

12 

8 

6 

4 

2 

1 

1/2 

1/4 

1/8 

PAN 

TOT/ 

COMPONENT: 

SSSSSSSSSS5SS 

PAPER 

0.00 

0.00 

0.44 

5.63 

5.43 

2.17 

0.90 

0.07 

0.00 

0.00 

14. < 

PLASTIC 

0.00 

0.00 

1.00 

3.03 

2.76 

1.85 

0.75 

0.26 

0.00 

0.00 

9  .< 

CARDBOARD 

0.00 

1.10 

3.67 

7.14 

4.11 

1.28 

1.04 

0.27 

0.00 

0.00 

18. < 

TEXTILES 

0.00 

3.11 

2.23 

3.38 

3.03 

0.77 

0.00 

0.05 

0.00 

0.00 

12.5 

WOOD 

0.00 

0.00 

0.00 

0.00 

2.05 

0.37 

0.18 

0.07 

0.00 

0.00 

2  .< 

OTHR  ORG 

0.00 

0.00 

0.00 

0.68 

0.27 

1.92 

1.81 

1.28 

1.88 

7.14 

14.5 

TTL  ORG 

0.00 

4.20 

7.35 

19.86 

17.65 

8.35 

4.68 

2.01 

1.88 

7.14 

73.1 

GLASS 

0.00 

0.00 

0.00 

0.00 

1.48 

1.41 

3.11 

1.85 

0.37 

0.00 

8.2 

OTHR  INERT 

0.00 

0.00 

0.00 

0.00 

0.00 

0.16 

1.68 

1.99 

1.04 

3.69 

8.5 

TTL  INERT 

0.00 

0.00 

0.00 

0.00 

1.48 

1.57 

4.79 

3.84 

1.41 

3.69 

16.7 

FERROUS 

0.00 

0.00 

0.73 

0.00 

4.15 

0.51 

0.71 

0.02 

0.07 

0.00 

6.1 

NON FERROUS 

0.00 

0.00 

0.00 

0.62 

2.92 

0.18 

0.13 

0.00 

0.05 

0.00 

3.9 

TTL  METALS 

0.00 

0.00 

0.73 

0.62 

7.07 

0.69 

0.84 

0.02 

0.13 

0.00 

10.1 

TOTAL 

0.00 

4.20 

8.08 

20.48 

26.20 

10.62 

10.31 

5.87 

3.42 

10.84 

100.0 

SAMPLE:  S-9 


SCREEN  SIZE: 


mm 

inches 

305 

12 

203 

8 

152 

6 

102 

4 

51 

2 

25 

1 

12.7 

1/2 

6.4 

1/4 

3.2 

1/8 

PAN 

TOTAI 

COMPONENT: 

PAPER 

0.00 

0.00 

3.00 

38.45 

37.08 

14.86 

6.12 

0.50 

0.00 

0.00 

100. OC 

PLASTIC 

0.00 

0.00 

10.42 

31.44 

28.60 

19.13 

7.77 

2.65 

o.co 

0.00 

100. OC 

CARDBOARD 

0.00 

5.89 

19.73 

38.37 

22.08 

6.87 

5.59 

1.47 

0.00 

0.00 

100. OC 

TEXTILES 

0.00 

24.71 

17.73 

26.89 

24.13 

6.10 

0.00 

0.44 

0.00 

0.00 

100.0C 

WOOD 

0.00 

0.00 

0.00 

0.00 

76.71 

13.70 

6.85 

2.74 

0.00 

0.00 

100. OC 

OTHR  ORG 

0.00 

0.00 

0.00 

4.51 

1.83 

12.80 

12.07 

8.54 

12.56 

47.68 

100. OC 

TTL  ORG 

0.00 

5.75 

10.04 

27.16 

24.14 

11.42 

6.40 

2.75 

2.57 

9.77 

100. OC 

GLASS 

0.00 

0.00 

0.00 

4.51 

1.83 

12.80 

12.07 

8.54 

12.56 

47.68 

100. OC 

OTHR  INERT 

0.00 

0.00 

0.00 

0.00 

18.04 

17.15 

37.86 

22.49 

4.45 

0.00 

100. OC 

TTL  INERT 

0.00 

0.00 

0.00 

0.00 

8.82 

9.37 

28.54 

22.88 

8.39 

22.00 

100. OC 

FERROUS 

0.00 

0.00 

11.80 

0.00 

66.96 

8.26 

11.50 

0.29 

1.18 

0.00 

100.00 

NONFERROUS 

0.00 

0.00 

0.00 

15.89 

74.77 

4.67 

3.27 

0.00 

1.40 

0.00 

100.00 

TTL  METALS 

0.00 

0.00 

7.23 

6.15 

69.98 

6.87 

8.32 

0.18 

1.27 

0.00 

100.00 

TOTAL 

0.00 

4.20 

8.08 

20.48 

26.20 

10.62 

10.31 

5.87 

3.42 

10.84 

100.00 

SAMPLE:  S- 10  4"  SHEAR 


SCREEN  SIZE: 


mm 

Inches 

305 

12 

203 

8 

$OS32SXSS!I! 

152 

6 

102 

4 

51 

2 

25 

1 

12.7 

1/2 

6.4 

1/4 

3.2 

1/8 

PAN 

TOTAL 

COMPONENT: 

PAPER 

0.00 

0.00 

0.31 

5.73 

6.46 

1.65 

1.23 

0.19 

0.00 

0.00 

15.57 

PLASTIC 

0.00 

0.00 

0.58 

3.75 

1.19 

2.50 

0.75 

0.21 

0.00 

0.00 

8.98 

CARDBOARD 

0.00 

0.00 

0.00 

4.82 

6.65 

4.06 

1.96 

0.40 

0.00 

0.00 

17.88 

TEXTILES 

0.00 

0.63 

0.00 

1.35 

3.69 

1.27 

0.44 

0.15 

0.00 

0.00 

7.52 

WOOO 

0.00 

0.00 

0.00 

0.58 

2.11 

0.65 

0.46 

0.38 

0.00 

0.00 

4.17 

OTHR  ORG 

0.00 

0.00 

0.00 

0.00 

0.63 

1.63 

2.33 

1.19 

1.83 

5.75 

13.36 

TTL  ORG 

0.00 

0.63 

0.90 

16.24 

20.72 

11.76 

7.17 

2.50 

1.83 

5.75 

67.49 

GLASS 

0.00 

0.00 

0.00 

0.00 

2.33 

1.90 

2.46 

2.50 

2.38 

0.00 

11.57 

OTHR  INERT 

0.00 

0.00 

0.00 

0.00 

1.23 

0.25 

1.61 

2.36 

1.48 

2.92 

9.84 

TTL  INERT 

0.00 

0.00 

0.00 

0.00 

3.56 

2.15 

4.06 

4.86 

3.86 

2.92 

21.41 

FERROUS 

0.00 

0.00 

0.00 

1.46 

3.84 

0.40 

0.90 

0.04 

0.06 

0.00 

6.69 

NONFERROUS 

0.00 

0.00 

0.00 

0.96 

2.77 

0.23 

0.40 

0.01 

0.04 

0.00 

4.41 

TTL  METALS 

0.00 

0.00 

0.00 

2.42 

6.61 

0.63 

1.29 

0.05 

0.10 

0.00 

11.10 

TOTAL 

0.00 

0.63 

0.90 

18.66 

30.89 

14.53 

12.53 

7.41 

5.79 

8.67 

100.00 

SAMPLE:  S-10 


SCREEN  SIZE: 


mm 

305 

203 

152 

102 

51 

25 

12.7 

6.4 

3.2 

Inches 

12 

8 

6 

4 

2 

1 

1/2 

1/4 

1/8 

PAN 

TOTAL 

COMPONENT: 

S333SZZES 

PAPER 

0.00 

0.00 

2.01 

36.81 

41.50 

10.58 

7.90 

1.20 

0.00 

0.00 

100.00 

PLASTIC 

0.00 

0.00 

6.50 

41.76 

13.23 

27.84 

8.35 

2.32 

0.00 

0.00 

100.00 

CARDBOARD 

0.00 

0.00 

0.00 

26.92 

37.18 

22.73 

10.96 

2.21 

0.00 

0.00 

100.00 

TEXTILES 

0.00 

8.31 

0.00 

18.01 

49.03 

16.90 

5.82 

1.94 

0.00 

0.00 

100.00 

WOOO 

0.00 

0.00 

0.00 

14.00 

50.50 

15.50 

11.00 

9.00 

0.00 

0.00 

100.00 

OTHR  ORG 

0.00 

0.00 

0.00 

0.00 

4.68 

12.17 

17.47 

8.89 

13.73 

43.06 

100.00 

TTL  ORG 

0.00 

0.93 

1.33 

24.06 

30.70 

17.42 

10.62 

3.71 

2.72 

8.52 

100.00 

GLASS 

0.00 

0.00 

0.00 

0.00 

4.68 

12.17 

17.47 

8.89 

13.73 

43.06 

100.00 

OTHR  INERT 

0.00 

0.00 

0.00 

0.00 

20.18 

16.40 

21.26 

21.62 

20.54 

0.00 

100.00 

TTL  INERT 

0.00 

0.00 

0.00 

0.00 

16.65 

10.03 

18.99 

22.69 

18.01 

13.63 

100.00 

FERROUS 

0.00 

0.00 

0.00 

21.81 

57.32 

5.92 

13.40 

0.62 

0.93 

0.00 

100.00 

NONFERROUS 

0.00 

0.00 

0.00 

21.75 

62.88 

5.20 

8.98 

0.24 

0.95 

0.00 

100.00 

TTL  METALS 

0.00 

0.00 

0.00 

21.78 

59.53 

5.63 

11.64 

0.47 

0.94 

0.00 

100,00 

TOTAL 

0.00 

0.63 

0.90 

18.66 

30.89 

14.53 

12.53 

7.41 

5.79 

8.67 

100.00 

Figure  H-l 


888888.3885° 
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H-12 


H-13 


Appendix  I 


VERTICAL-SHAFT  HAMMERMILL  DISCHARGE  MATERIAL 
SIZE  DISTRIBUTION  DATA 


SAMPLE:  H-1 


HAMMERMILL 


SCREEN  SIZE: 


mm 

305 

203 

152 

102 

51 

25 

12.7 

6.4 

3.2 

inches 

12 

8 

6 

4 

2 

1 

1/2 

1/4 

1/8  PAN 

TOTAL 

3 

ssussssss 

sas&ss== 

:=sssssssass3 

3E3SSSQ 

sessssss 

&3SSSSSEE 

ssassassssss 

SS 

3SS&&8SZaSSSS3SSSC3 

ssssaas: 

COMPONENT: 

PAPER 

0.00 

0.00 

0.00 

3.22 

6.57 

9.00 

6.82 

1.05 

0.00  0.00 

26.66 

PLASTIC 

0.00 

0.00 

0.38 

3.89 

3.18 

1.84 

2.89 

0.52 

0.00  0.00 

12.70 

CARDBOARD 

0.00 

0.00 

0.75 

1.21 

5.31 

5.27 

1 .09 

0.59 

0.00  0.00 

14.23 

TEXTILES 

0.00 

o.co 

0.00 

0.00 

0.00 

0.38 

0.00 

0.00 

0.00  0.00 

0.38 

WOOD 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.63 

0.15 

0.00  0.00 

0.77 

OTHR  ORG 

0.00 

0.00 

0.00 

0.00 

0.38 

2.47 

1.83 

3.39 

4.35  10.88 

23.35 

TTL  ORG 

0.00 

0.00 

1.13 

8.33 

15.44 

18.96 

13.31 

5.69 

4.35  10.88 

78.08 

GLASS 

0.00 

0.00 

0.00 

0.00 

0.00 

2.13 

2.26 

1.76 

0.00  0.00 

6.15 

OTHR  INERT 

0.00 

C.00 

0.00 

0.00 

0.00 

0.00 

0.54 

0.44 

2.72  0.92 

4.62 

TTL  INERT 

0.00 

0.00 

0.00 

0.00 

0.00 

2.13 

2.80 

2.20 

2.72  0.92 

10.78 

FERROUS 

0.00 

0.00 

0.00 

0.00 

6.11 

2.55 

0.25 

0.88 

0.02  0.04 

9.85 

•  NON FERROUS 

0.00 

0.00 

0.00 

o.^o 

0.75 

0.29 

0.17 

0.06 

0.01  0.00 

1.29 

TTL  METALS 

0.00 

0.00 

0.00 

0,00 

6.86 

2.85 

0.42 

0.94 

0.03  0.04 

11.14 

TOTAL 

0.00 

0.00 

1.13 

8.33 

22.30 

23.94 

16.53 

8.83 

7.10  11.84 

100.00 

SAMPLE:  H’l 

SCREEN  SIZE: 

TO 

305 

203 

152 

102 

51 

25 

12.7 

6.4 

3.2 

inches 

12 

8 

6 

4 

2 

1 

1/2 

1/4 

1/8 

PAN 

TOTAL 

es33O33ss3aaass£sct:a&ea0SBS25C3sss3SS8SS3sssa5sss9asesssaBBBsess6aa«sssasaaBas{ts;s63a55Bass8«Sb«8B3 


COMPONENT : 


PAPER 

0.00 

0.00 

o.co 

12.09 

24.65 

33.75 

25.59 

3.92 

0.00 

0.00 

100.00 

PLASTIC 

0.00 

0.00 

2.97 

30.64 

25.04 

14.50 

22.73 

4,12 

0.00 

0.00 

ICO. 00 

CARDBOARD 

0.00 

0.00 

5.29 

8.53 

37.35 

37.06 

7.65 

4.12 

0.00 

0.00 

100.00 

TEXTILES 

0.00 

0.00 

0.00 

0.00 

0.00 

100.00 

0.00 

0.00 

0.00 

0.00 

100.00 

WOOO 

0.00 

0.00 

C.00 

0.00 

0.00 

0.00 

81.08 

18.92 

0.00 

0.00 

100.00 

OTHR  ORG 

0.00 

0.00 

0.00 

0.00 

1.61 

10.57 

8.06 

U.S2 

18.64 

46.59 

100.00 

TTL  ORG 

0.00 

0.00 

1.45 

10.66 

19.77 

24.28 

17.04 

7.29 

5.57 

13.93 

100.00 

GLASS 

0.00 

0.00 

0.00 

0.30 

1.61 

10.57 

8.06 

14.52 

18.64 

46.59 

100.00 

OTHR  INERT 

0.00 

0.00 

0.00 

0.00 

0.00 

34.69 

36.73 

28.57 

0.00 

0.00 

100.00 

TTL  INERT 

0.00 

0.00 

o.co 

0.00 

0.00 

19.81 

26.02 

20.39 

25.24 

8.54 

100.00 

FERROUS 

0.00 

0.00 

0.00 

0.00 

62.00 

25.90 

2.55 

8.92 

0.21 

0.42 

100.00 

NQNFCRROUS 

0.00 

0.00 

0.00 

0.00 

58.54 

22.76 

13.01 

4.83 

0.81 

0,00 

100.00 

ru  METALS 

0.00 

0.00 

0,00 

0.00 

61.60 

25.54 

3.76 

8.45 

0.28 

0.38 

100.00 

TOTAL 

0.00 

0.00 

1.13 

8,33 

22.30 

23.94 

16.53 

8.83 

7.10 

11.84 

100.00 

SAMPLE:  H-2 


HAMMERMILL 


SCREEN  SIZE: 


m 

305 

203 

152 

102 

51 

25 

12.7 

6.4 

3.2 

inches 

12 

8 

6 

4 

2 

1 

1/2 

1/4 

1/8 

PAN 

TOTAL 

833BB3S32S 

333859S5 

8SSCS35CS32 

33S3SSS 

SC33S233S— 383593S3 

SS3I31SS3:SS 

21328322S3S 

3333333= 

33S38S383323C333S5 

COMPONENT: 

PAPER 

0.00 

0.00 

0.54 

4.06 

7.48 

10.14 

3.85 

1.33 

0.00 

0.00 

27.39 

PLASTIC 

0.00 

0.59 

1.34 

4.21 

2.44 

2.28 

1.45 

0.32 

0.00 

0.00 

12.63 

CARDBOARD 

0.00 

0.00 

0.00 

4.41 

5.54 

6.58 

3.28 

0.99 

0.00 

0.00 

20.80 

TEXTILES 

0.00 

0.00 

0.00 

0.00 

0.00 

0.15 

0.04 

0.02 

0.00 

0.00 

0.21 

WOOD 

0.00 

0.00 

0.00 

0.00 

0.00 

0.51 

0.44 

0.30 

0.00 

0.00 

1.25 

OTHR  ORG 

0.00 

0.00 

0.00 

0.00 

0.00 

3.95 

3.59 

6.00 

5.88 

0.00 

19.42 

TTL  ORG 

0.00 

0.59 

1.88 

12.68 

15.45 

23.60 

12.65 

8.97 

5.88 

0.00 

81.71 

GLASS 

0.00 

0.00 

0.00 

0.00 

0.00 

0.29 

2.10 

5.11 

0.00 

0.00 

7.50 

OTHR  INERT 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

O.CC 

1.37 

6.23 

0.00 

7.60 

TTL  INERT 

0.00 

0.00 

0.00 

0.00 

0.00 

0.29 

2.10 

6.48 

6.23 

0.00 

15.10 

FERROUS 

0.00 

0.00 

0.00 

0.46 

0.61 

0.85 

0.28 

0.00 

0.00 

0.00 

2.20 

NONFERROUS 

0.00 

0.00 

0.00 

0.00 

0.20 

0.35 

0.18 

0.16 

0.10 

0.00 

0.99 

TTL  METALS 

0.00 

0.00 

0.00 

0.46 

0.81 

1.20 

0.46 

0.16 

0.10 

0.00 

3.19 

TOTAL 

0.00 

0.59 

1.88 

13.14 

T6.26 

25.09 

15.21 

15.62 

12.21 

0.00 

100.00 

SAMPLE:  H-2 


SCREEN  SIZE: 


COMPONENT 


mm 

305 

203 

152 

102 

51 

25 

12.7 

6.4 

3.2 

inches 

12 

8 

6 

4 

2 

1 

1/2 

1/4 

1/B 

PAN 

TOTAc 

33338363335 

Ksuasssssa 

saasaasa 

5333533333X833333335 

88338333 

33833333 

880333333 

8BS83B33;1: 

oaswTisssc 

PAPER 

0.00 

0.00 

1.97 

14.81 

27.30 

37.00 

14.06 

4.85 

0.00 

O.OP 

100.00 

PLASTIC 

0.00 

A. TO 

10.59 

33.32 

19.30 

18.09 

11.48 

2.53 

0.00 

0.00 

100.00 

CARDBOARO 

0.00 

0.00 

0.00 

21.22 

26.62 

31.64 

15.75 

4.78 

0.00 

0.00 

100.00 

TEXTILES 

0.00 

0.00 

0.00 

0.00 

0.00 

69.57 

19.13 

11,30 

0.00 

0.00 

100.00 

WOOD 

0.00 

0.00 

0.00 

0.00 

0.00 

4Q.65 

35.05 

24.30 

0.00 

0.00 

100.00 

OTHR  ORG 

O.CQ 

0.00 

0.00 

0.00 

0.00 

20.32 

18.51 

50.90 

30.27 

0.00 

ion. co 

TTL  MG 

0.00 

Q.73 

2.30 

15.52 

18.91 

28.89 

15.48 

10.98 

7.20 

0.00 

'50.00 

GLASS 

0.00 

0.00 

0.00 

0.00 

0.00 

20.32 

18.51 

30.90 

30.27 

r  .  1,  ■ 

OTHR  INERT 

0.00 

0.00 

0.00 

0.00 

0.00 

3.80 

28.01 

63.19 

0.00 

■  7 

*  > :\l  j'i 

TTL  INERT 

0.00 

0.00 

0.00 

0.00 

0.00 

1.89 

13.91 

42.93 

41.7? 

•l  'l.wO 

FERROUS 

0.00 

0.00 

0.00 

21.00 

27.70 

38.49 

12.80 

0.00 

0-  '  • 

1  0.00 

NONFERROUS 

0.00 

0.00 

0.00 

0.00 

20.59 

35.44 

17.81 

16.51 

r 

t  V 

100.00 

TTL  METALS 

0.00 

0.00 

0.00 

14.48 

25.49 

37.54 

14.36 

5  13 

> 

100.00 

TOTAL 

0.00 

0.59 

1.88 

13.14 

16.26 

25.09 

15.21 

15.62 

12  : 

100.00 

SAMPLE:  H-3  HAMMER::; 


SCREEN  SIZE: 


mm 

305 

203 

152 

102 

51 

25 

12.7 

6.4 

3.2 

Inches 

12 

8 

6 

4 

2 

1 

1/2 

1/4 

1/8 

PAN 

TOTA 

saasasass 

s£&sssc: 

SSS2K2S5 

aasscsaasasaasssss 

S'-iaaseaaass: 

333333 

aaaaascsa 

atsaaa; 

COMPONENT: 

PAPER 

0.00 

0.00 

0.00 

2.90 

6.37 

16.01 

5.85 

4.61 

0.00 

0.00 

35.7 

PLASTIC 

4.73 

0.11 

0.74 

2.02 

0.99 

1.61 

3.26 

1.32 

0.00 

0.00 

14.7 

CARDBOARD 

0.00 

0.00 

1.29 

9.15 

11.18 

6.06 

0.75 

0.12 

0.00 

0.00 

28.5 

TEXTILES 

0.00 

0.00 

0.00 

0.00 

1.84 

0.21 

0.00 

0.01 

0.00 

0.00 

2.C 

WOOD 

0.00 

0.00 

0.00 

0.00 

0.00 

0.15 

0.21 

0.11 

0.00 

0.00 

0.4 

OTHR  ORG 

0.00 

0.00 

0.00 

0.00 

0.02 

0.36 

0.22 

0.13 

3.60 

5.24 

9.5 

TTL  ORG 

4.73 

0.11 

2.03 

14.07 

20.40 

24.40 

10.29 

6.29 

3.60 

5.24 

91.1 

GLASS 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.48 

0.97 

0.00 

0.00 

1.4 

OTHR  INERT 

0.00 

0.00 

0.00 

0.00 

0.00 

0.44 

0.06 

0.12 

1.65 

3.19 

5.4 

TTL  INERT 

0.00 

0.00 

0.00 

0.00 

0.00 

0.44 

0.54 

1.09 

1.65 

3.19 

6.5 

FERROUS 

0.00 

0.00 

0.00 

0.86 

0.50 

0.00 

0.05 

0.00 

0.00 

0.08 

1.4 

NON FERROUS 

0.00 

0.00 

0.00 

0.00 

0.00 

0.18 

0.14 

0.11 

0.00 

0.00 

0.4 

TTL  METALS 

0.00 

0.00 

0.00 

0.86 

0.50 

0.18 

0.20 

0.11 

0.00 

0.08 

1.9 

TOTAL 

4.73 

0.11 

2.03 

14.93 

20.90 

25.02 

11.03 

7.49 

5.25 

8.51 

100.0 

SAMPLE:  H-3 


SCREEN  SIZE: 


mm 

305 

2  >3 

152 

102 

51 

25 

12.7 

6.4 

3.2 

inches 

12 

8 

6 

4 

2 

1 

1/2 

1/4 

1/8 

PAN 

TOTAI 

aaaasaaaaccs 

333333 

sascesGSsaasaaasaas 

S85DS98Saa 

53SSSC2 

saassassssaaoca-sa 

asasae&sass 

aQaeesasesaaas; 

COMPONENT: 

PAPER 

0.00 

0.00 

0.00 

8.12 

17.83 

44.78 

16.38 

12.89 

0.00 

0.00 

100.01 

PLASTIC 

32.01 

0.78 

4.98 

13.64 

6.69 

10.89 

22.06 

8.94 

0.00 

0.00 

100.01 

CARDBOARD 

0.00 

0.00 

4.53 

32.04 

39.15 

21.23 

2.61 

0.43 

0.00 

0.00 

100.01 

TEXTILES 

0.00 

0.00 

0.00 

0.00 

89.41 

10.01 

0.21 

0.36 

0.00 

0.00 

100.01 

WOOD 

0.00 

0.00 

0.00 

0.00 

0.00 

32.50 

44.06 

23.44 

0.00 

0.00 

100.  (X 

OTHR  ORG 

0.00 

0.00 

0.00 

O.CO 

0.23 

3.77 

2.28 

1.31 

37.62 

54.7V 

100. w 

TTL  ORG 

5.19 

0.13 

2.23 

15.43 

22.38 

26.76 

11.29 

6.90 

3.95 

5.75 

100. 0( 

GLASS 

0.00 

0.00 

0.00 

0.00 

0.23 

3.77 

2.28 

1.31 

37.62 

54.79 

100. oc 

OTHR  INERT 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

33.13 

66.87 

0.00 

0.00 

100.  OC 

TTL  INERT 

0.00 

0.00 

0.00 

0.00 

0.00 

6.35 

7.84 

15.74 

23.91 

46.17 

100.0C 

FERROUS 

0.00 

0.00 

0.00 

58.06 

33.33 

0.00 

3.56 

0.00 

0.00 

5.04 

100. oc 

N0NFERR0U5 

0.00 

0.00 

0.00 

0.00 

0.00 

41.69 

32.88 

25.42 

0.00 

0.00 

100. oc 

TTL  METALS 

0.00 

0.00 

0.00 

44.95 

25.80 

9.42 

10.18 

5.74 

0.00 

3.91 

100.00 

TOTAL 

4.73 

0.11 

2.03 

14.93 

20.90 

25.02 

11.03 

7.49 

5.25 

8.51 

100. oc 

SAMPLES  H-4 


HAMMERMILL 


SCREEN  SIZE: 


m 

305 

203 

152 

102 

51 

25 

12.7 

6.4 

3.2 

inches 

12 

8 

6 

4 

2 

1 

1/2 

1/4 

1/8 

PAN 

TOTAL 

3 

33333:5= 

533235353 

35=5353=33; 

3=3=3=33 

S5835S3C5 

=5=5535 

:a233S35== 

3a=S3=35S 

COMPONENT: 

PAPER 

0.00 

0.00 

0.00 

9.17 

12.10 

7.11 

3.60 

0.72 

0.62 

0.00 

33.31 

PLASTIC 

0.00 

0.00 

8.39 

0.57 

0.62 

1.85 

0.46 

0.10 

0.72 

0.00 

12.72 

CARDBOARD 

0.00 

0.00 

0.00 

9.89 

3.86 

1.65 

1.44 

0.41 

0.93 

0.00 

18.18 

TEXTILES 

0.00 

6.76 

0.00 

0.00 

3.24 

0.88 

1.03 

0.00 

0.00 

0.00 

11.90 

WOOO 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

OTHR  ORG 

0.00 

0.00 

0.00 

0.00 

0.36 

0.62 

5.20 

2.32 

1.54 

6.80 

16.84 

TTL  ORG 

0.00 

6.76 

8.39 

19.62 

20.18 

12.10 

11.74 

3.55 

3.81 

6.80 

92.95 

GLASS 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.98 

0.21 

0.57 

0.21 

1.96 

OTHR  INERT 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.62 

0.00 

0.62 

TTL  INERT 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.98 

0.21 

1.18 

0.21 

2.57 

FERROUS 

0.00 

0.00 

0.00 

0.00 

3.30 

0.00 

0.36 

0.04 

0.06 

0.10 

3.86 

NON FERROUS 

0.00 

0.00 

0.00 

0.00 

0.62 

0.00 

0.00 

0.00 

0.00 

0.00 

0.62 

TTL  METALS 

0.00 

0.00 

0.00 

0.00 

3.91 

0.00 

0.36 

0.04 

0.06 

0.10 

4.47 

TOTAL 

0.00 

6.76 

8.39 

19.62 

24.10 

12.10 

13.08 

3.79 

5.06 

7.11 

100.00 

SAMPLE:  H-4 


SCREEN  SIZE: 


{TO 

inches 

305 

12 

203 

8 

152 

6 

102 

4 

51 

2 

25 

1 

12.7 

1/2 

6.4 

1/4 

3.2 

1/8 

PAN 

TOTAL 

523 

S5IESK3 

532uuuucL5 

=3555eSC5533Q555S2 

:sa8BS3«P893aoaS353 

2S3B53355 

Sa935S55C3 

aaasaara 

3=C5a53EC5aC5aaas! 

COMPONENT: 

PAPER 

0.00 

0.00 

0.00 

27.51 

36.32 

21.33 

10.82 

2.16 

1.85 

0.00 

100.00 

PLASTIC 

0.00 

0.00 

65.99 

4.45 

4.66 

14.57 

3.64 

0.81 

5.67 

0.00 

100.00 

CARDBOARD 

0.00 

0.00 

0.00 

54.39 

21.25 

9.07 

7.93 

2.27 

5.10 

0.00 

100.00 

TEXTILES 

0.00 

56.75 

0.00 

0.00 

27,25 

7.35 

8.65 

0.00 

0.00 

0.00 

100.00 

UOOO 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

OTHR  ORG 

0.00 

0.00 

0.00 

0.00 

2.14 

3.67 

30.69 

13.76 

9.17 

40.57 

100.00 

TTL  ORG 

0.00 

7.27 

9.03 

21.11 

21.72 

13.02 

12.63 

3.82 

4.10 

7.31 

100.00 

GLASS 

0.00 

0.00 

0.00 

0.00 

2.14 

3.67 

30.89 

13.76 

9.17 

40.37 

100.00 

OTHR  INERT 

0.00 

0.00 

0.00 

0.00 

0.00 

O.OG 

50.00 

10.53 

23.95 

10.53 

100.00 

TTL  INERT 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

38.00 

6.00 

46.00 

8.00 

100.00 

FERROUS 

0.00 

0.00 

0.00 

0.00 

85.45 

0.00 

9.35 

0.93 

1.60 

2.67 

100.00 

HONFERROUS 

0.00 

0.00 

0.00 

0.00 

100.00 

0,00 

0.00 

0.00 

0.00 

0.00 

100.00 

TTL  KETMS 

0.00 

0.00 

0.00 

0.00 

87.46 

0.00 

8.06 

0.81 

1.33 

?rK 

V-ii-QO 

TOTAL 

0.00 

6.76 

8.39 

19.62 

24.10 

12.10 

13.08 

3.79 

5.06 

7.11 

100.00 

gggggg 


SAMPLE:  H-6 


HAMHERMILL 


SCREEN  SIZE: 


COMPONENT: 


!E: 

ran 

305 

203 

152 

102 

51 

25 

12.7 

6.4 

3.2 

inches 

12 

8 

6 

4 

2 

1 

1/2 

1/4 

1/8 

PAN 

TOTAL 

issassssassscccssssssssasacssssasasssasssscsa 

isaaaaasa: 

233333==: 

333=33=33= 

333333333 

3333332=33 

=333338 

PAPER 

0.00 

0.00 

0.00 

3.67 

3.12 

5.68 

7.00 

1.80 

0.00 

0.00 

21.28 

PLASTIC 

0.00 

0.00 

0.00 

0.00 

0.03 

2.15 

0.83 

1.11 

0.00 

0.00 

4.12 

CARDBOARD 

0.00 

0.00 

0.00 

0.00 

0.35 

0.83 

1.11 

1.32 

0.00 

0.00 

3.60 

TEXTILES 

0.00 

0.00 

0.00 

0.00 

0.00 

0.49 

0.14 

0.14 

0.00 

0.00 

0.76 

WOOD 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

1.94 

0.00 

0.00 

1.94 

OTHR  ORG 

0.00 

0.00 

0.00 

0.00 

1.18 

0.00 

0.35 

2.15 

0.00 

21.77 

25.44 

TTL  ORG 

0.00 

0.00 

0.00 

3.67 

4.68 

9.15 

9.43 

8.46 

0.00 

21.77 

57.16 

GLASS 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.76 

4.44 

6.79 

0.00 

11.99 

OTHS  INERT 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

1.25 

7.00 

19.06 

27.31 

TTL  INERT 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.76 

5.68 

13.80 

19.06 

39.31 

FERROUS 

0.00 

0.00 

0.00 

0.00 

0.00 

0.42 

0.97 

0.07 

0.07 

0.83 

2.36 

NONFERROUS 

0.00 

0.00 

0.00 

0.00 

0.00 

0.28 

0.69 

0.21 

0.00 

0.00 

1.18 

TTL  METALS 

0.00 

0.00 

0.00 

0.00 

0.00 

0.69 

1.66 

0.28 

0.07 

0.83 

3.54 

TOTAL 

0.00 

0.00 

0.00 

3.67 

4.68 

9.84 

11.85 

14.42 

13.86 

41.66 

100.00 

SAMPLE:  H-6 

SCREEN  SIZE: 

HRi 

inches 

305 

12 

203 

8 

152 

6 

102 

4 

51 

2 

25 

1 

12.7  6.4 

1/2  1/4 

3.2 

1/8 

PAN 

TOTAL 

= 

SQ333SSS3 

scsasags 

sgsaoaass 

sBseessasss 

ssassiiBgassgasg&ssesaoassss 

»«»*•»— 

COMPONENT: 

PAPER 

o.c-a 

0.00 

0.00 

17.26 

14.66 

26.71 

32.90  8.47 

0.00 

0.00 

100.00 

PLASTIC 

0.00 

0,00 

0.00 

0.00 

0.84 

52.10 

20.17  26.89 

0.00 

o.uo 

100.00 

CARO BOARD 

0.00 

0.00 

0.00 

0.00 

9.62 

23.08 

30.77  36.54 

0.00 

0.00 

100.00 

TEXTILES 

0,00 

0.00 

0.00 

0.00 

0.00 

63.64 

18.18  18.18 

0.00 

0.00 

100.00 

WOOD 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.0C  100.00 

0.00 

0.00 

100.00 

OTHS  ORG 

0.00 

0.00 

0.00 

0.00 

4.63 

o.eo 

1.36  8.45 

0.00 

85.56 

100.00 

TTL  ORG 

0.00 

0.00 

0.00 

6.43 

8.19 

16.01 

16.49  14.80 

0.00 

38.08 

100.00 

GLASS 

0.00 

0.00 

0.00 

0.00 

4.63 

c.oo 

1.36  8.45 

0.00 

85.56 

100.00 

OTHR  INERT 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

6.56  36.99 

56.65 

O.GO 

100.00 

TTL  INERT 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

1.94  14.46 

35.10 

48.50 

100.00 

FERROUS 

0.00 

0.00 

0.00 

0.00 

0.00 

17.65 

41.18  2.94 

2.V4 

35.29 

100.00 

NONFERROUS 

0.00 

0.00 

0.00 

0.00 

0.00 

23.53 

58.82  17.65 

0.00 

0.00 

100  00 

TTL  METALS 

0.00 

0.00 

0.00 

0.00 

0.00 

19.61 

47.06  7.64 

1.96 

23.53 

100.00 

TOTAL 

0.00 

0.00 

0.00 

3.67 

4.68 

9.84 

11.65  U.42 

13.86 

41.66 

100.00 

SAMPLE:  H-7 


HAMMERMIU 


SCREEN  SIZE: 


m 

305 

203 

152 

102 

51 

25 

12.7 

6.4 

3.2 

inch? 3 

12 

8 

6 

4 

2 

1 

1/2 

1/4 

1/8 

PAN 

TOTAL 

sss 

ssnaeasis 

saasssasas: 

aaasassa 

asaasaa 

laasaaaa' 

aaaaarsa: 

COMPONENT: 

PAPER 

0.00 

0.00 

0.27 

2.21 

6.06 

7.73 

3.30 

3.63 

0.00 

0.00 

23.19 

PLASTIC 

0.00 

0.00 

0.00 

1.89 

2.86 

1.79 

3.04 

1.51 

0.00 

0.00 

11.08 

CARDBOARD 

0.00 

0.00 

1.51 

8.98 

4.93 

1.28 

3.99 

0.71 

0.00 

0.00 

21.40 

TEXTILES 

0.00 

5.0? 

0.66 

0.00 

0.72 

0.59 

0.76 

0.11 

0.00 

0.00 

7.91 

WOOD 

0.00 

0.00 

0.00 

2.29 

2.72 

0.00 

1.19 

0.00 

0.00 

0.00 

6.20 

OTHR  ORG 

0.00 

0.00 

0.00 

0.00 

0.00 

0.84 

1.28 

0.19 

5.67 

2.85 

10.83 

TTL  ORG 

0.00 

5.07 

2.43 

15.36 

17.29 

12.23 

13.56 

6.14 

5.67 

2.85 

80.61 

GLASS 

0.00 

0.00 

0.00 

0.00 

0.18 

1.02 

2.29 

2.54 

0.00 

0.00 

6.03 

OTHR  INERT 

0.00 

0.00 

0.00 

0.00 

0.00 

0.24 

0.34 

0.00 

3.50 

3.97 

8.05 

TTL  INERT 

0.00 

0.00 

0.00 

0.00 

0.18 

1.27 

2.63 

2.54 

3.50 

3.97 

14.08 

FERROUS 

0.00 

0.00 

C.00 

1.44 

2.16 

0.28 

0.14 

0.38 

0.00 

0.00 

4.40 

NONFERROUS 

0.00 

0  00 

0.00 

0.00 

0  62 

0.1? 

0.08 

0.03 

0.00 

0.00 

0.91 

TTL  HETALS 

0.00 

0.00 

0.00 

1.64 

2.79 

0.46 

0.21 

C.41 

0.00 

0.00 

5.31 

TOTAL 

0.00 

5.07 

2.43 

16.80 

20.25 

13.95 

16.41 

9.09 

9.17 

6.82 

100,00 

SAMPLE;  H-7 


SCREEP  SIZE: 


mm 

305 

203 

152 

102 

51 

25 

12.7 

6.4 

3.2 

inches 

12 

8 

6 

4 

2 

1 

1/2 

1/4 

1/8 

PIN 

TOTAL 

as  aaaatasai.: 

383333 

sssasseaa 

assasasaaaaaasssn: 

COMPONENT: 

PAPER 

C.00 

0.00 

1.15 

9.51 

26.15 

33.33 

14.22 

15.64 

0.00 

0,00 

100.00 

PLASTIC 

0.00 

0.00 

0.00 

17.03 

25.77 

16.15 

27.47 

13.59 

0.00 

0.00 

100.00 

CARDBOARD 

0.00 

0.00 

7.05 

41.97 

23.03 

5.99 

.8,6? 

3.31 

0.00 

0.00 

100.CJ 

TEXTILES 

0.00 

64.06 

8.30 

0.00 

9.13 

7.48 

9.59 

1.44 

0.00 

6.00 

100.00 

WOOD 

0.00 

O.CO 

0.00 

36.93 

43.6? 

0  00 

19.19 

0.00 

0.00 

0.00 

100.00 

OTHR  ORG 

0.00 

0.00 

0.00 

0.00 

0.00 

7.72 

11.79 

1.74 

52.39 

26.36 

100.00 

TTL  ORG 

0.00 

6.29 

3.02 

19.06 

21.44 

15. *7 

16.82 

7.62 

7.04 

3.54 

100.00 

GLASS 

0.00 

0.00 

0.00 

0.00 

0.00 

'.72 

11.79 

1.74 

52.39 

26.36 

100.00 

OTHR  INERT 

0.00 

0.00 

o.oo 

0.00 

2.93 

16.97 

37.97 

42.12 

o.oo 

0.00 

100.00 

TTL  INERT 

0.00 

0.00 

0.00 

0.00 

1.26 

8.99 

19.63 

18.03 

24.8  7 

28.18 

100.00 

FERROUS 

0.00 

0.00 

0.00 

32.70 

49.11 

6.34 

3.16 

8.69 

0.00 

0.00 

100.00 

NONFERROUS 

o.co 

0.00 

o.co 

0.00 

66.80 

20.06 

8.36 

2.79 

0.00 

0.00 

10O.P0 

TTL  HETALS 

0.00 

0.00 

0.00 

27.12 

52.47 

8. 68 

6.04 

7.68 

0.00 

0.00 

103.00 

TOTAL 

0.00 

5.07 

2.43 

16.80 

20.25 

13.95 

16.41 

9.09 

9.17 

6.82 

100.00 

SAMPLE:  H*8 


HAMMERHILL 


SCREEN  SIZE: 


m 

305 

203 

152 

1G2 

51 

25 

12.7 

6.4 

3.2 

Inches 

12 

8 

6 

4 

2 

1 

1/2 

1/4 

1/8 

PAN 

COMPONENT: 

PAPER 

0.00 

0.00 

4.24 

2.98 

6.71 

11.57 

4.55 

2.91 

0.00 

0.00 

PLASTIC 

0.00 

0.00 

0.00 

3.17 

4.34 

2.95 

3.70 

1.69 

0.00 

0.00 

CARDBOARD 

0.00 

0.00 

3.81 

4.46 

4.19 

4.68 

1.40 

0.44 

0.00 

0.00 

TEXTILES 

0.00 

0.00 

0.00 

0.99 

1.97 

1.56 

1.25 

0.03 

0.00 

0.00 

WOOO 

0.00 

0.00 

0.00 

1.27 

0.94 

0.24 

0.13 

0.05 

0.00 

0.00 

OTHR  ORG 

0.00 

0.00 

0.00 

0.16 

1.72 

0.00 

0.83 

0.00 

4.28 

4.95 

TTL  ORG 

0.00 

0.00 

8.05 

13.03 

19.86 

21.01 

11.86 

5.11 

4.28 

4.95 

GLASS 

0.00 

0.00 

0.00 

0.00 

0.00 

0.58 

0.35 

1.61 

0.00 

0.00 

OTHR  INERT 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.37 

2.54 

3.05 

TTL  INERT 

0.00 

0.00 

0.00 

0.00 

0.00 

0.38 

0.35 

1.98 

2.54 

3.05 

FERROUS 

0.00 

0.00 

0.00 

0.29 

0.73 

0.44 

0.23 

0.05 

0.14 

0.00 

NONFERROUS 

0.00 

0.00 

0.00 

1.03 

0.23 

0.13 

O.C6 

0.03 

0.00 

U.00 

TTL  METALS 

0.00 

0.00 

0.00 

1.32 

0.95 

0.57 

0.29 

0.08 

0.14 

0.00 

10TAL 

0.00 

0.00 

8.05 

14.35 

20.81 

22.15 

12.50 

7.17 

6.97 

3.00 

SAMPLE:  H-8 

SCREEN  SIZE: 

HW 

305 

203 

’52 

102 

51 

25 

12.7 

6.4 

3.2 

inches 

12 

3 

6 

4 

2 

1 

1/2 

1/4 

1/8 

PAN 

ana8»aBaas3aBBg,citasaaB8ssgcoaaiB9a»a6gaa»a3assas33S3a»sssaaa3C8Sgscma8agsa8ocaassg33sssssi 


COMPONENT: 


PAPER 

0.00 

0.00 

12.87 

9.04 

20.35 

35.11 

13.80 

8.83 

0.00 

0.00 

PLASTtC 

0.00 

0.00 

O.C0 

19.99 

27.38 

18.64 

23.33 

10.66 

0,00 

0.00 

CARDBOARD 

O.CQ 

0.00 

20.08 

23.50 

22.06 

24.67 

7.38 

2.31 

0.00 

0.00 

TEXTILES 

-0.00 

0.00 

0.00 

17.04 

33.94 

26.88 

21.65 

0.49 

0.00 

0.00 

UOCO 

0.00 

0.00 

0.00 

48.31 

35.78 

9.21 

4.82 

1.87 

0.00 

0.00 

OTHR  ORG 

0.00 

0.00 

0.00 

1.36 

14.38 

0.00 

6.98 

0.00 

35.81 

41.46 

TTL  ORG 

0.00 

0.00 

9.14 

14.78 

22.53 

23.83 

13.45 

5.80 

4.85 

5.62 

CUSS 

0.00 

0.00 

0.00 

1.36 

14.38 

0.00 

6.98 

0.00 

35.81 

41.46 

O', HR  INERT 

0.00 

0.00 

0.00 

0.00 

0.00 

22.60 

13.74 

63.46 

0.00 

0.00 

r„  INERT 

0.00 

0.00 

0.00 

0.00 

0.00 

6.81 

4.10 

23.31 

29.94 

35.84 

FERROUS 

0.00 

0.00 

0.00 

15.26 

38.82 

23.49 

’2.08 

2.64 

7.70 

0.00 

NONFERROUS 

0.00 

0.00 

0.G6 

69.98 

15.30 

8.60 

4.21 

1.91 

0.00 

0.00 

TTL  METALS 

0.00 

0.00 

0.00 

39.41 

28.44 

16.92 

8.61 

2.32 

4.30 

0.00 

TOTAL 

0.00 

0.00 

8.05 

14.35 

20.61 

22.15 

12.50 

7.17 

6.97 

8.00 

TOTAL 


32.95 

15.85 

18.98 

5.80 

2.64 

11.94 

88.16 

2.54 

3.96 

8.50 

1.87 

1.48 

3  ,y 

100.00 


TOTAL 

rssaasoaa 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 


SAMPLE:  H-9 


HAHMERMILL 


SCREEN  SIZE: 


mn  305  203  152  102  51  25  12.7  6.4  3.2 

inches  12  8  6  4  2  1  1/2  1/4  1/8  PAN  TOTA 

3saa332xsss5ss:5»rrs2ss*asssss35tsssssssss2S23222s5saass33ss52533S8«B***««««#*as*»aa**afl35i:aas3a5 


PAPER 

0.00 

0.00 

0.76 

2.82 

4.68 

11.59 

3.84 

2.32 

0.00 

0.00 

26.0 

PLASTIC 

0.00 

0.00 

1.20 

2.99 

4.29 

2.21 

1.26 

1.66 

0.00 

0.00 

13.6 

CARDBOARD 

0.00 

2.21 

0.00 

7.20 

6.53 

9.95 

1.90 

0.64 

0.00 

0.00 

28.4 

TEXTILES 

0.00 

0.00 

0.00 

1.71 

3.72 

1.88 

0.17 

0.11 

0.00 

0.00 

7.5 

WOOD 

0.00 

0.00 

0.00 

0.00 

0.00 

1.74 

0.14 

0.06 

0.00 

0.00 

1.9 

OTHR  ORG 

0.00 

0.00 

0.00 

0.00 

0.48 

0.22 

0.30 

0.22 

4.22 

6.28 

11.7 

TTL  ORG 

"0.00 

2.21 

1.96 

14.71 

19.71 

27.59 

7.61 

5.01 

4.22 

6.28 

89.3 

GLASS 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.81 

1.09 

0.00 

0.00 

1.9 

OTHR  INERT 

0.00 

0.00 

0.00 

0.00 

0.00 

0.26 

0.16 

0.28 

2.07 

2.82 

5.5 

TTL  INERT 

0.00 

0.00 

0.00 

0.00 

0.00 

0.26 

0.96 

1.37 

2.07 

2.82 

7.4 

FERROUS 

0.00 

0.00 

0.00 

0.76 

1.10 

0.51 

0.19 

0.02 

0.01 

0.00 

2.5 

NONFERROUS 

0.00 

0.00 

0.00 

0.33 

0.00 

0.16 

0.14 

0.01 

0.00 

0.00 

0.6 

TTL  METALS 

0.00 

0.00 

0.00 

1.09 

1.10 

0.67 

0.33 

0.02 

0.01 

0.00 

3.2 

TOTAL 

0.00 

2.21 

1.96 

15.80 

20.81 

28.53 

8.90 

6.40 

6.29 

9.10 

100.0 

SAMPLE:  H-9 


SCREEN  SIZE: 


COMPONENT 


mm 

305 

203 

152 

102 

51 

25 

12.7 

6.4 

3.2 

inches 

12 

8 

6 

4 

2 

1 

1/2 

1/4 

1/8 

PAN 

TOTAI 

tiaasiBBgacgfsaaasgasa 

Esssass&saescras; 

gsaacsasaaacosBgs-s 

S8Ca£3n«33SS8Saa6CS33Sa£SS3fi238SeSS3«eC86t£! 

PAPER 

0.00 

0.00 

2.93 

10.83 

18.00 

44.56 

14.77 

8.91 

0.00 

0.00 

100.IX 

PLASTIC 

0.00 

0.00 

8.80 

21.94 

31.54 

16.23 

9.26 

12.23 

0.00 

0.00 

100.0* 

CARO BOARD 

0.00 

7.77 

0.00 

25.33 

22.98 

35.01 

6.67 

2.24 

0.00 

0.00 

100.01 

TEXTILES 

0.00 

0.00 

0.00 

22.54 

48.98 

24.80 

2.25 

1.43 

o.co 

0.00 

100.01 

WOOD 

0.00 

0.00 

0.00 

0.00 

0.00 

69.60 

7.20 

3.20 

0.00 

0.00 

100.01 

OTHR  ORG 

0.00 

0.00 

0.00 

0.00 

4.12 

1.86 

2.52 

1.86 

35.99 

53.65 

100.01 

TTL  ORG 

0.00 

2.47 

2.19 

16.48 

22.07 

30.90 

8.52 

5.61 

4.72 

7.04 

lOO.tt 

GLASS 

0.00 

0.00 

0.00 

0.00 

4.12 

1.86 

2.52 

1.86 

35.99 

53.65 

100.01 

OTHR  INERT 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

42.62 

57.38 

0.00 

0.00 

100.01 

TTL  INERT 

0.00 

0.00 

0.00 

0.00 

0.00 

3.53 

12.89 

18.30 

27.65 

37.63 

100.01 

FERROUS 

0.00 

0.00 

0.00 

29.43 

42.64 

19.82 

7.21 

0.60 

0.30 

0.00 

100.01 

NONFERROUS 

0.00 

0.00 

0.00 

51.65 

0.00 

24  *>9 

22.22 

1.23 

0.00 

0.00 

1C0.01 

TTL  METALS 

0.00 

0.00 

0.00 

33.82 

34.30 

20.77 

10.14 

0.72 

0.24 

0.00 

100.01 

TOTAL 

0.00 

2.21 

1.96 

15.80 

20.81 

28.53 

8.90 

6.40 

6.29 

9.10 

100, C’ 

SAMPLE;  H-10 


HAMMERMILL 


SCREEN  SIZE: 


COMPONENT: 


mm 

305 

203 

152 

102 

51 

25 

12.7 

6.4 

3.2 

Inches 

12 

8 

6 

4 

2 

1 

1/2 

1/4 

1/8 

PAN 

TOTAL 

s 

3SS33S=22C3=3eSEa£S83ES»E:33SSZSS:: 

:333SS=SSS33Zn33333S333eSSZ33S5aSZC33B8333SB2 

333333333 

s3sa==ss 

PAPER 

0.00 

0.00 

1.15 

1.49 

7.23 

7.56 

5.83 

2.79 

0.00 

0.00 

26.05 

PLASTIC 

0.00 

0.00 

0.00 

5.34 

2.00 

1.67 

0.88 

0.70 

0.00 

0.00 

10.59 

CARDBOARD 

0.00 

0.00 

0.00 

4.24 

7.58 

6.22 

3.21 

0.54 

0.00 

0.00 

21.80 

TEXTILES 

6.37 

0.00 

0.00 

1.86 

3.28 

1.62 

0.47 

0.06 

0.00 

0..00 

13.65 

WOOD 

0.00 

0.00 

0.00 

0.00 

1.91 

1.06 

0.26 

0.09 

0.00 

0.00 

3.32 

OTHR  ORG 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

1.03 

4.24 

5.8T 

11.13 

TTL  ORG 

6.37 

0.00 

1.15 

12.93 

22.00 

18.13 

10.66 

5.20 

4.24 

5.87 

86.54 

GLASS 

0.00 

0.00 

0.00 

0.00 

0.00 

0.25 

0.60 

1.29 

0.00 

0.00 

2.14 

OTHR  INERT 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.43 

0.31 

2.95 

2.90 

6.59 

TTL  INERT 

0.00 

0.00 

0.00 

0.00 

0.00 

0.25 

1.03 

1.60 

2.95 

2.90 

8.73 

FERROUS 

0.00 

0.00 

0.00 

0.00 

1.63 

0.67 

0.88 

0.23 

0.06 

0.09 

3.56 

NON FERROUS 

0.00 

0.00 

0.00 

0.00 

0.71 

0.34 

0.10 

0.01 

0.00 

0.00 

1.16 

TTL  METALS 

0.00 

0.00 

0.00 

0.00 

2.34 

1.01 

0.99 

0.25 

0.06 

0.09 

4.73 

TOTAL 

6.37 

0.00 

1.15 

12.93 

24.33 

19.38 

12.67 

7.05 

7.25 

8.86 

100.00 

SAMPLE:  H-10 


SCREEN  SIZE: 


COMPONENT 


305 

203 

152 

102 

51 

25 

12.7 

6.4 

3.2 

inches 

12 

8 

6 

4 

2 

1 

1/2 

1/4 

1/8 

PAN 

TOTAL 

* 

333e59a3S838393SS 

gSCae3M33ttC8a3S3Bt=3aEOBe3Sa3t»S3S3 

acsattsxsss 

rB2S3aBtaassesszsc3 

PAPER 

0.00 

0.00 

4.43 

5.72 

27.75 

29.00 

22.39 

10.72 

0.00 

0.00 

100.00 

PLASTIC 

0.00 

0.00 

0.00 

50.45 

18.86 

15.77 

8.34 

6.58 

0.00 

0.00 

100.00 

CARDBOARD 

0.00 

0.00 

0.00 

19.47 

34.79 

28.52 

14.73 

2.49 

0.00 

0.00 

100.00 

TEXTILES 

46.66 

0.00 

0.00 

13.60 

23.99 

11.87 

3.46 

0.41 

0.00 

0.00 

100.00 

WOOD 

0.00 

0.00 

0.00 

0.00 

57.61 

32.01 

7.74 

2.64 

0.00 

0.00 

100.00 

OTHR  ORG 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

9.22 

38.07 

52.71 

100.00 

TTL  ORG 

7.36 

0.00 

1.33 

14.94 

25.42 

20.94 

12.31 

<3.01 

4.90 

6.78 

100.00 

GLASS 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

9.22 

38.07 

52.71 

100.00 

OTHR  INERT 

0.00 

0.00 

0.00 

0.00 

0.00 

11.75 

28.01 

60.25 

0.00 

0.00 

100.00 

TTL  INERT 

0.00 

0.00 

0.00 

0.00 

0.00 

2.63 

11.79 

18.34 

33.81 

33.19 

100.00 

FERROUS 

0.00 

0.00 

0.00 

0.00 

45.62 

18.B4 

24.82 

6.55 

1.64 

2.54 

100.00 

KOHFERRCUS 

0.00 

0.00 

0.00 

0.00 

61.06 

28.89 

8.79 

1.26 

0.00 

0.00 

100.00 

TTL  METALS 

0.00 

0.00 

0.00 

0.00 

49.41 

21.31 

20.88 

5.25 

1.24 

1.91 

100.00 

TOTAL 

6.37 

0.00 

1.15 

12.93 

24.33 

19.33 

12.67 

7.05 

7.25 

8.35 

100.00 

Figure  1-1 


SSSSSSSSSS 


ONSSSVd  JLN39tf3rf  1H043M  3AUVinWnD 
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Figure  1-2 
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APPENDIX  J 


DATA  SHEETS: 

REPAIR  HOURS,  MANHOURS,  AND  COSTS 


J-l 


«A:\’=\a\;6  sr;*\5 


a;-!CMS 


*”»«»  ear  I'.’""' "* ;w,ra  rAJ^  «:%*£Nfl\;-:  fir::*.; 

S^.s  &«:»*».  -UH^vasQ  smra  *;*  wt»  m 


0e-Jan-24 

22-ja*-64  ^  g 

24- 7ar>-34  :\r^_.  \th  S.-5F75  g 

25- Jar.-a4 
iS-£an-64 
2?-Ja*-84 

28-  Jan-84 

29- Jar-34 
*2-.4n-fi4 
1 : -Jar -54 

l:-Jan-54  REJ.C:r  r.  F.VEA  8.3 

i3-Jar-94 

lWin-94 

15- Jan-84 

1 6-  Jan-8* 

17- Jan-84  n*.AC=  «5  *:/■?  1.3 

lS-Jar-84 

l3-Jar-84 

S2-Jar.-34 

21 - Jan-54 

22- Jan-94 
22-Jan-64 
24-Jan-e4 
£5-Jar.-64 

26- Jan-34 

27- Jtn-84 
33-Jan-84 
29-Jar-84 
32-Jan-34 
31 -Jan-84 

21- r«3-34 

22- 783-34 

23- 783-54  5C- _Q-r  jvq,  ror;: 

24- Fee-84 

25- 63-84 

26- r93-54  a ep.a:e  -yd.  'Crr 

27- F63-64  SEP-.o:;  rYD.  -[TDR 

-to-34  “  4  *3  ;:.T£R  2.3 

25-F33-54  REC.SCE  *-  r>-r;  2>3 

1 2- 763-54  43.5 
i:-ce:-fl4 
.2-793-54 

13- 7*3-54 

14- c83-34 

15- 783-54 
Ib—ej-B* 

17-783-84  2i3.fi.;;  #2  2.3 

;S-ceo-84 

:9-f*3-84 

cf-7fQ-fl4 

2. -*83-84  7E3JiCe  *iii  7.*35  0,5 

£2-Fe3-84  fies.firE  *1  F:r;a  e.* 


RE3.fiD£  £  2t5 

"c'-ACE  ulJic.RS  12 

*eojee  -.ikess 


R£3-fi:;  l:V£R3 
RtP-.fic;  likess 
»PJ>K  .:\ERS 
72  RE3JCE  :5  r*fi»rEiS 


RtC-.cc;  S  2.5 


9c‘->iPCZ  5  -PXTE4S  2.5 
REfi.oCc  6  -fi^ESS  2.5 


?2  RI3.SCE  5  i,  3 

72 


Rc^.flCE  ;8  «fir»ESS 


:42  R£3ufiC£  6  "fiWcRS  2.5 
72 


1  54  SPLfiDE  6  -fi'»;»5  2.5 

REAtftDE  6  *-fi**f  ?3  2.5 

42  3222  ,R£3_AC£  tDVESS  1? 

RECODE  _»Ncgg 


AiPwfiCi  ulVE” 

"E'p.ace 

RE3.fi.;; 

135  R;t..a;E  3  -fi**E53  2.5 


21  S£3>;e  e  ,fiv.t-i3  0,5 


552 

54  Ac-.F'v E  15  -Py*£A5 


34  RE3.fi;;  3  -fi**ERS  2.5 


475 

:5;  AEk.cc;  16  -fi»W£*S 


54  R£3tfiDE  5  -31XERS  2.5 


1  *4 

!  54 

47  3222 


DA'E 


1W03  MAINTENANCE  ACTIO'S  MAJOR  MAINTENANCE  ACTIONS  fRJCt  "’AiN'EtiWCE  ACTIONS 

■urain  SKEP?  SHREDDER  "««•«•»»>««  mnu  hAHEWU  >2  Hiiniiauuii  utem  t-A^EANI  .1  *3  c»»u:>i»»i 
DESCRIPT  IQ**  T!H£  MANhCJAS  COSTS  DESCRIPTION  tCuiS  HASHCUS  COS'S  DESCRIPTION  *  hOuRS  MANfcOgAs  CIS'S 


23- Fea-84 

24- r'*3-84 

25- Ftb-84 
2S-Fea-84 

27- F(b-84 

28- Feb-84 

29- Fib-84 
8l-Mar-84 
02-Mar-84 
03-*ar-84 
04-Mar-B4 

05-*ar-84  T6MTN  SHFT  COLLAR 
fS-Kar-84 

*7-far~04  REPLACE  #3  FILTER 
08-«ar-64 

09-*ar-84  REPLACE  *1  FIlTER 
l«-!»ar-84  3930 

11- Mar-84 

12- *ar-84  REP.ACE  IS  FI. TEA 

13- *ar-84 

1 4- 741-84 

15- Mar- 64 
!6-Mar-84 

17- .Mar-B4 

18- *ar-84 
;9-*ar-64. 

20- 7ar-84 

21- *ar-34 

22- Ma— 84  REP  ACE  #2  FILTER 

23- 7ar-B4 

24- Mar-S4 

25- Mar-84 

26- Mar-84 

27- Mar-B4 

28- Mar-64 

29- *a*-94  REP-ACE  14  cIltER 

30- *ar-34 

31- Mar-fi4 
01-Aor-84 
K-A3T-34 
03-Aor-64 
84-ftar-84 
03-Par-a': 

0S-ADP-54 

07-B3T-O4 

88-33-84 

#3-Aar-34  C-AV3E  CjTTERS 
-J-Por-84  13512 

11- A3r-34 

12- Ppr-64 

13- Apr-84 
: 4- Aar-84 


RtP-ftCE  6  FAxMBS  0.3  1  34  REPLACE  8  rAKMEfiS  0.5  l  34 


7.3 

8.S 

0 

8.3 

1.5 

70  RcP-ACE  15  iA.*ti»ERS  0.5 

5  135  REPLACE  15  nAMMERS 

0.5 

1 

135 

0.3 

8.5 

78 

0.3 

1.5 

78 

REPLACE  9  rtfl^gW 

0.5 

t 

• 

61 

3.3 

0.5 

REPLACE  -.8  rfl^ERS 

70 

1 

a  , 

2 

REPLACE  9  rftteftS 
;S2 

0.5 

< 

* 

8. 

REPLACE  6  iA<*ERS 

8.5 

1 

34  REPLACE  .2  HATERS 

0.5 

A 

103 

0.3 

0.5 

70  REPLACE  6  HATERS 

8.5 

1 

54 

REPLACE  9  HAMPERS 

; 

2 

31 

REP-ACE  9  HAMMERS 

0.5 

i 

81 

8  40  24080 


J-  :1'?  Sf-tECTst  S»T n.-s»*r-»«aito  n»»>  »?  E»a»»i»s*ra»ia» 

3iSc?:*T::s  *3\-.:js  era’s  eescv,:-;^  jc^^-  2:5*3 


*;;:5  e:*::\s 

mtsst  ^  *3  smistnacttu 

:'.r: 


■ a  i 

^  ?>■>,;-;  ;%  C*£^A7::> 

:7-Pcr-84 

;3-5:*'-3A 

•  5-3;r*-0i 
23-3t-24 
i'-Q’ir-  E* 

s?-Ao— a* 

J-Qor>-?4 

£4-Q:.-?4 

23-Asr  £« 

2S-a?r-84 

£7>«3r-8* 

S5-P3*-S4 

Jj.qj-.ji 

2f-Ctor-?i 

?>*ay-S4 

32- *ay-S4 

33- "ay-S4  8:5.«5  *i  ff:.T:3  3.3  i. 5 

?4-^ay-e4 

35- *ay-3* 

36- vay-94 
07-Way-84 
08-1^-84 
09-"ay-04 
:e-»av-64 
:i -way-3* 

12- *ay-64 

13- *ay-84 

14- vay-84  9£0.aCc  #1  FLIES  3.3  3.3 

15- fay-54  9£».0CE  *6  fL7E8  3.3  3.5 

15-*ay-94 

'7-*ay-£4 

:3-»ay-04 

•J-Kay-S* 

23- "ay-84 

21- *lay-B4 

22- way-a* 
t3-'Tay-S4 

24- *ay-B4 

SS-'ay-Ei  8tf_PCE  *2  FIL”1*  2.3  3.5 

;8-*ay-84 

27-way-Et 

29-*av-84 

25- yay-84  3£3.fl:£  *4  FLIES  3.3  3.5 

33-vay-84  1 1335 

3i-wav-fi4 

e:-jw-8* 

3;-Jur-B4 

33-J';n-B4 

K-JaHW 

35-JU1-B4 


8SVC5  S  r«Te9S  3.5 
■:p5t;v*rp;  cate) 


3.5  :4  SELfiCE  3  -WE’3  l 

issmatei  cats! 


ai>.a:£  s  -c^ss  2.5  3.5 
FEtuCE  6  -or»F«3  3.*  3.5 


73 


*E?:J)CE  15  K?**ESS  !  2  135 

asters  i5  -py*E»s 


73 

78 

E*JK  15  HW*s«  J  2  125  3EL0CE  5  rfi',*:93  a#5  j<5 

.Mti^atec  cate)  festinatec  cate) 


REPLACE  9  HATERS  8.5  1 

REPLACE  6  -ay»E35  8.5  0.5  54  (estimated  cate! 

(estimated  sate! 

73  — 


73 

DEOJtCs  9  -oy'OS  0.5 
(estimates  sate) 


si  3e?l«:e  is  -^ters  i  2 

(estnatPd  cate) 
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Si 
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135 


54 


81 
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l:-J«I-S4 
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u-Yi-e* 
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iWui-34  r:„ 
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iS-:*ji-S4 

2KV.-34 
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23- .jY.-e* 

24- Jul-B* 

22-JwI-9* 

25- Ju»-94 
27-Y1-9* 
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24-fitc-ei 
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.3-3,3-34 

.4-a.,;-84 
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17-«bj-3‘ 

ia-S'jj-c1 

.5-5.3-84 

c2-P«-i4 
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37-C.J-64 
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i.  i 


>»3-9» 
.£- S*3-e* 


3.5  7? 


3.5  n 


3.5 


7 
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DATE 


•  was  MWEttftCE  AC'IOnS 

s*sks*  Sf'EAS  SHREDDER  sa*sea*s»axtsr 

DtSCRI?TlDN  TIME  MU-OS  COSTS 


MAJOR  MlhTSSAfcCE  ACTIONS 
ssssBas  HfiMEWlOL  ME  ==t;3'a=t==:-=== 
DES:S:?rIGni  HOURS  TAVriCJRS  COS’S 


major  mAIn’SVKCE  ACTIONS 

srsssss  hA*(f.ERMlL'.  f3  sssaeassassssae 

OSSCRIA'ICn  rtO^RS  TAnhOjRS  COS'S 


lS-Sep-64 

19-Sep-84 

2i-Stp-S4 


DAYS 

REEKS 


AVERAGE 

1.51 

4.  EE  2320.80 

:.«» 

2. 35  219.74 

:.r 

E.S3  221,38 

MAX  VA.uE 

9.M 

1.0,00  HiHHt 

18.88 

48,30  3238.88 

\Ui 

40.03  3280. 80 

8JN 

48.78 

91.88  ******** 

23.58 

65.58  5854.88 

:•  <*.  50 

57.53  5090.00 

VARIANCE 

S'D.DEV. 

DEV/AV6 

SjM  48.7  91  49548  S3. 5  65.5  5854  2*.i  S7.5  5898 
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LIFE-CYCLE  COST  ANALYSES 
CHARLESTON  COUNTY,  SC  SWRC 
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HSU  SHREDDING  OPERATION 


SHEAR  SHREDDING  VS.  HAMKERMILL 


CHARLES! 


FILE:  NAVY31 


isssasassssassssssssassssssassssssssssjsssssssssa 

CHARLESTON 

ABSTRACT 

FOR 

ANAL- 

FOR 

ANAL- 

PRESENT  VALUE  COSTS  PER  TON 

SHEAR 

VS  I  s 

HAMMER 

YSIS 

TO  SHRED  HSU 

SHREDDER 

PREFERRED 

MILLS 

1  PREFERRED 

PV  COST/TON  MSW  INCLUDING  CAPITAL  INVESTMENT: 

$2.34 

NO 

$4.62 

NO 

PV  COST/TON  MSU  EXCLUDING  CAPITAL  INVESTMENT 
(CASE  OF  SUNK  CAPITAL  COSTS): 

laaaaaaaaaaaaaaaaasnaaaaaaazaaaEaraaaasaaaaaaaasa | 

$1.60 

YES 

$2.46 

YES 

UNITS 


YEARS 

YEARS 

YEARS 

YEARS 

YEARS 

YEARS 

YEARS 


LINE 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28  ECONOMIC  LIVES: 

29  AT'P  EQUIPMENT 

30  QUILUINGS 

31  PERMANENT 

32  SEMI -PERMANENT,  NON-WOOO 

33  SEMI -PERMANENT,  WOOD 

34  TEMPORARY  OR  REHABILITATED 

35  OPERATING  EQUIPMENT 

36  UTILITIES,  PLANTS,  UTILITY 

37  DISTRIBUTION  SYSTEMS 

38 

39  TIME  VALUE  OF  MONEY  PCT 

40  AVERAGE  INFLATION  RATE  PCT 

41  BASIC  UAGERATE 

42  OPERATING  $/HR 

43  MAINTENANCE  S/HR 

44  ADMINISTRATIVE  S/HR 

45  BURDENING  FACT ..3  (OH,T,F)  NONE 

46  COST  OF  ELECTRICITY  S/KUH 

47  COST  OF  MATL,  PER  BLADES/ 

48  HAMMERS  CHANGE  S/CHG 

49  COST  FOR  UNSHREDDABLE  DISPOSAL  S/TON 

50  VAUC  OF  RDF  S/TON 

51 

52 

53  . 

54  EXPERIENCE 

55  M=HEANS 

56  M*E=*£ANS  AND  EXPERIENCE 

57  C=CHEM  PNG  MAGAZINE 

58  C*E-CHEM  E  MAG  AND  EXPERIENCE 

59  CH* 12/3 1/81  CHARLESTON  COUNTY  REPORT 

60  T=TYP!CAL  VALUE 

61  AMCTUAL  DERIVED  FROM  DATA 

62  A8=ALLEN  BRADLEY  CATALOG 

63  STIMULATION  TO  GIVE  REPRESENTATIVE  RESULTS 

64  TX  iX=TA8LE  X-XX  FROM  THIS  REPORT 

65  . 


CHARLESTON 
VALUES  USED  BY  WTE: 


RESERVED 


FOR 

SHEAR 

SHREDDER 

FROM 

FOR 

HAMMER 

HILLS 

25 

25 

10 

10 

10.0X 

10.0X 

5. OX 

5. OX 

$7.50 

$7.50 

$5.25 

$5.25 

$10.50 

$10.50 

1.25 

E 

1.25 

$0.06 

T 

$0.06 

$24,000 

A 

$9.00 

$1.00 

T 

$1.00 

$0 

$0 

FROM 


66  CO* $1 RUCTION  COST 

67 

68 

EQUIPMENT  AND  MATERIAL 
SHREDDER 

$ 

$300,000 

E 

187,000 

E 

69 

CONVEYORS 

$ 

$214,000 

£ 

$214,000 

E 

70 

CHUTES/TRANSITIONS 

t 

$10,000 

T 

$10,000 

T 

71 

EXPLOSION  VENTS 

$ 

$0 

E 

$27,210 

CH*£ 

72 

73 

COST  CONTROL 

S 

S30,LJ0 

E 

$30,000 

74 

MOTOR  CONTROL  CENTER 

$ 

$15/50 

A8 

$13,110 

AB 

75 

ACCESS  PROVISIONS 

$ 

INCLUDED 

INCLUDED 

TECHNOLOGY 

CORPORATION 

APPENDIX  K,  PAGE  K-2 

25' 

Nov -85 

REVISIOt 


MSW  SHEDDING  OPERATION 


SHEAR  SHREDDING  VS.  HAMMERHILL 


CHARLESTON 


76 

CONTROLS 

$ 

$1 ,240 

H*E 

$620 

H*E 

77 

SPARES 

$ 

$30,000 

A 

$340 

A 

73 

BLAST  WALLS 

% 

$0 

E 

$18,000 

H*E 

79 

FOUNDATION 

$ 

$4,750 

C*E 

$6,220 

C*E 

80 

STRUCTURAL  SUPPORTS 

% 

$4,000 

E 

$4,000 

E 

81 

VIBRATION  ISOLATION 

t 

$0 

E 

$2,000 

E 

82 

TOTAL  E1M 

$ 

$607,440 

$412,500 

84 

FIELD 

85 

INST 

86 

INSTALLATION 

FACTOR 

87 

SHREDDER 

t 

1.12 

$36,000 

C*E 

$10,440 

C*E 

88 

CONVEYORS 

t 

1.64 

$136,960 

C*E 

$136,960 

C*E 

89 

CHUTES/TRANSITIONS 

$ 

2.00 

$10,000 

C*E 

$10,000 

C*E 

90 

EXPLOSION  VENTS 

$ 

1.80 

$0 

E 

$21,770 

CH*E 

91 

DUST  CONTROL 

$ 

1.69 

$20,700 

C*E 

$20,700 

C*E 

92 

MOTOR  CONTROL  CENTER 

S 

1.20 

$2,690 

C*E 

$2,620 

C*E 

93 

ACCESS  PROVISIONS 

$ 

1.70 

$0 

E 

$0 

E 

94 

CONTROLS 

s 

N/A 

$513 

M*E 

$257 

H*E 

95 

SPARES 

$ 

1.00 

$0 

$0 

96 

BLAST  WALLS 

$ 

N/A 

$0 

M*E 

$32,400 

M*E 

97 

FOUNDATION 

$ 

N/A 

$7,780 

C*E 

$10,170 

C*E 

98 

STRUCTURAL  SUPPORTS 

$ 

1.80 

$3,200 

E 

$3,200 

E 

99 

VI8*4TI0N  ISOLATION 

$ 

1.50 

$0 

E 

$1,000 

E 

100 

TOTAL  INSTALLATION 

% 

$217,843 

$249, 5?9 

01 

TOTAL  EQMT,  MATL,  LABOR 

$ 

$825,280 

$662,020 

102 

ENGINEERING/CONST  SUPERVISION 

XINST 

12X 

$99,030 

$79,440 

103 

MANAGEMENT  RESERVE 

XINST 

15X 

$138,650 

$111,220 

104 

TOTAL  CONST  COST 

$ 

$1,062,960 

$852,680 

105 

FINANCING  COSTS 

XTOT 

25% 

$265,740 

$213,170 

106  CAPITAL  COST  DURING  CONST 

$ 

$1,328,700 

$1,065,850 

107  FOR  A  ONE  YEAR  r'NS'i  PERIOD, 

108  CAPITAL  COST  PER  OTR  IS: 

$332,180 

$266,460 

10° 

11c  PV  AT  DAY  0  OF  COfcST 

111 

PHASE  (APPLirS  TO  HAVY  CASE)  IS. 

$1,249,650 

$1,002,420 

112 

m 

MAJOR  EQUIPMENT  REPLACEMENT  COST 

% 

$737,660 

$499,100 

115  MAXIMUM  PRACTICAL  PROJECT  LIFE 

YEARS 

20 

20 

116 

117 

118  NUH8ER  OF  EQMT  REPU.IS  IN  LIFE 

EACH 

1 

1 

119 

120  PV  AT  CONST  DAY  0  EQUIVALENT  TO 

jTURE  AMOUNT 

121 

TO  REPUCE  FGM1  1ST  TIME 

$442,200 

$299,190 

122 

123  PV  AT  CONST  DAY  G  EQUIVALENT  TO 

FUTURE  AMOUNT 

1?4 

TO  F.CPUCE  EQMT  2D  TIME 

$277,710 

$187,900 

125 

126  PV  AT  CONST  DAY  0  EQUIVALENT  TO 

FUTURE  AMOUNT 

127 

TO  REPLACE  EQMT  30  TIME 

$174. hJU 

$118,000 

128 

129  PV  OF  MAJOR  REPLACEMENTS 

130 

AT  CONST  DAY  C  (APPLIES  TO  NAVY  CASE' 

I 

$442,200 

$29!.',190 

131 

132  FOR  THE  CHARLESTON  CAbE  CAPITAL 

133  COSTS  ASSOCIATED  JITH  ORIGINAL  CONSTRUCTION 

134  ARE  ASSUMED  TO  8E  SUI*  COL .S  AND  DAY  0  FOR  THE 

135  PRESENT  VALUE  ANALYSIS  IS  DAY  0  OF  OPERATIONS 

136  {NOT  DAY  0  OF  CONSTRUCTION  AS  IS  THE  NAVY  CASE). 

i3T 

138 

PV  OF  MAJOR  REPLACEMENTS 

139 

AT  OPERATIONS  DAY  0  (CHLSTK  CASE): 

$463,260 

$313,440 

140 

141 

142 

143 

144 

145 

OPERATING  REOMTS 

146 

ELECTRIC  POWER 

147 

SPREO^ER  DRIVE 

KW/TON 

3.14 

T2-11 

9.14 

T2-1I 

148 

LABOR  OPERATING  ONLY 

MH/TON 

0.0352 

T2-13 

0.1327 

T2-13 

149 

LABOR  ADMINISTRATIVE 

MH/TON 

0.0032 

T2-13 

0.0129 

T2-13 

ISO 

VOTAL  ANNUAL  COST 

$ m 

$40,070 

$41,830 

WASTE  ENERGY  TECHNOLOGY  CORPORATION  APPENDIX  K,  PAGE  IC-3 
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HSU  SHREDDING  OPERATION  SHEAR  SHREDDING  VS.  HAMMERMILL  CHARLES1 

152  MAINTENANCE  I  II  |  | 


153 

LABOR  NH/TON 

0.0026 

T2-13 

0.0083 

T2-13 

154 

TOTAL  ANNUAL  COST  S/YR 

81,220 

$1,160 

155 

156  REPAIR  i 

157 

LABOR  MH/TON 

0.0028 

T2-14 

0.0082 

T2-14 

158 

PARTS  S/TON 

$1.51 

T2-14 

$0.63 

T2-14 

159 

TOTAL  ANNUAL  COST  S/YR 

$109,279 

$14,579 

160 

161 

THRCUGHPUT/CAPACITY  FACTOR/AVAILABILITY 

162 

163 

AVI'  INFEED  PER  YEAR  TONS 

71500 

T2-7 

21320 

T2-7 

164 

165  UNSHREDL'ABLES 

166 

AS  PERCENT  OF  INFEED  PCT 

0.25X 

T2-2 

15.33X 

T2-2 

167 

TOTAL  ANNUAL  DISPOSAL  COST  S/TON 

$;79 

$3,268 

168 

169  RDF 

170 

ANNUAL  PRODUCTION  TONS 

71321 

18052 

171 

TOTAL  ANNUAL  VALUE  S/YR 

$0 

$0 

172 

173  SUMMARY.  OVER  OPERATIONAL  LIFE  EQUAL  TO  YEARS® 

20 

20 

174 

171; 

AND: 

176 

ALL  PV*S  BASED  ON  DAY  0  CONSTRUCTION 

177 

WHICH  UE  BELIEVE  IS  BEST  APPLIED 

178 

TO  THE  NAVY  CASE: 

179 

PV  AT  DAY  0  COST  OF  ORIGINAL  CAPITAL 

$1,249,650 

$1,002,420 

180 

PV  DAY  0  COST  OF  MAJOR  EQMT  REPLACEMENT 

$442,200 

$299,190 

181 

TOTAL  PV  OF  OSH,  REPAIR  AND  DISPOSAL  COSTS 

1.66E+06 

6.70E*05 

182 

183 

TOTAL  PRESEMT  VALUE  OF  RDF  OVER  OPTG  LIFE 

$0 

$0 

184 

185 

TOTAL  MET  PV  COST  PER  TON  HSU 

$2.34 

$4.62 

186 

s9sxss»vcs5zssss3Z9>CKasncss;z2i:s=a=nasxas=sa 

xsaazMSszs 

ssssssssa 

==sxsnaaas 

asassasas 

187 

ALL  PV!S  BASED  ON  DAY  0  OPERATIONS 

188 

WHICH  UE  BELIEVE  IS  BEST  APPLIED  TO  THE 

189 

CHARLESTON  CASE  UHERE  CAPITAL  COSTS 

190  ARE  ASSUMED  SUNK: 

191 

PV  AT  DAY  0  COST  OF  ORIGINAL  CAPITAL 

$0 

$0 

192 

PV  DAY  0  COST  OF  MAJOR  EQMT  REPLACEMENT 

$463,260 

$313,440 

193 

TOTAL  PV  OF  OM,  REPAIR  AND  DISPOSAL  COSTS 

1.83E+06 

7.37E*05 

194 

195 

TOTAL  PRESENT  VALUE  OF  RDF  OVER  OPTG  LIFE,  $ 

$0 

$0 

196 

197 

TOTAL  NET  PV  COST  PER  TON  NSW 

$1,60 

$2.46 

196 

»*■*«* 

CKcszitn 

BCBc&ssaaBa 

CSS3S86CB 

199 

200 

201 

FOR  INFLATION  OF  5.00X  AVERAGE  PER  YEAR: 

202 

OPERATING,  KAiNT,  DISPOSAL,  REPAIR  COST 

203 

0 

0 

204 

1  ST  YEAR  CPTG,  2D  YR  AFTER  CONST  START 

1 .51E+05 

150748 

6.08E*04 

60837 

205 

2  IN)  YEAR 

1.S8E*05 

158285 

6.39€*04 

63879 

206 

3  RD  YEAR 

1.66E*05 

166199 

6.71E*04 

67073 

207 

4  AND  SO  ON... 

1.75E*05 

174509 

7.04E*04 

70427 

208 

5 

1.63E*05 

183235 

7.39E*04 

73948 

209 

6 

1.92E*05 

192396 

7.76E*04 

77645 

210 

? 

2.02£*05 

202016 

0.15E*O4 

81528 

211 

8 

2.122*05 

212117 

8.56E*04 

85604 

212 

9 

2.23E<05 

222723 

8.99E*04 

89884 

213 

10 

2.34E*05 

233859 

9.44E*04 

94379 

214 

11 

2.46€*0S 

2-5552 

9.91E«04 

99097 

215 

12 

2.58E*05 

257829 

1.04E*05 

104052 

216 

13 

2.71E*05 

270721 

1 ,09E*05 

109255 

217 

14 

2.84£*05 

284257 

1.15£*05 

114718 

218 

15 

2.96£*G5 

298470 

1.20E*05 

120454 

219 

16 

3.13E*05 

313393 

1 .26c*05 

126476 

2% 

17 

3.29£*05 

329063 

1.33€*05 

132800 

221 

18 

3.462*05 

345516 

1.39E*OS 

139440 

222 

19 

3.632*05 

362792 

1.46E*05 

146412 

223 

20 

3.812*05 

380932 

1.54E*05 

153733 

224 

21 

4.00E*05 

0 

1.61E*05 

0 

225 

22 

4.202*05 

0 

1 .696*06 

0 
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226 

23 

4.41E+05 

0 

1.786+05 

0 

227 

24 

4.636*05 

0 

1.87E+05 

0 

228 

25 

4.866+05 

0 

1.96E*05 

0 

229 

26 

5.106+05 

0 

2.06E+05 

0 

230 

27 

5.36E+05 

0 

2.16E+05 

0 

231 

28 

5.63E+05 

0 

2.27E*05 

0 

232 

29 

5.91E+05 

0 

2.38E+05 

0 

233 

30 

6.20E+05 

0 

2. 506+05 

0 

234 

31 

6.52E+05 

0 

2.63E*05 

0 

235 

32 

6.846+05 

0 

2.76E+05 

0 

236 

33 

7.186+05 

0 

2.90E+05 

0 

237 

34 

7.54E+05 

0 

3.04E+05 

0 

238 

35 

7.92E+05 

0 

3.20E*05 

0 

239 

36 

8.32E+05 

0 

3.36E*05 

0 

240 

37 

8.736+05 

0 

3.52E+05 

0 

241 

38 

9.17E+05 

0 

3.70E+05 

0 

242 

39 

9.63E+05 

0 

3.88E+05 

0 

243 

40 

1.01E+06 

0 

4.08E+05 

0 

244 

41 

1.066+06 

0 

4.28E+05 

0 

245 

42 

1.11E+06 

0 

4.50E+05 

0 

246 

43 

1.17E+06 

0 

4.72E+05 

0 

247 

44 

1.23E+06 

0 

4.96E*05 

0 

248 

45 

1.296+06 

0 

5.21E+05 

0 

249 

46 

1.35E+06 

0 

5.47E*05 

0 

250 

47 

1 .42E+06 

0 

5.74E+05 

0 

251 

48 

1.496+06 

0 

6.03E*05 

0 

252 

49 

1.57E+06 

0 

6.33E+05 

0 

253 

50 

1.65E+06 

0 

6.64E+05 

0 

254 

51 

1.73E+06 

0 

6.98E*05 

0 

255 

52 

1 .82E+06 

0 

7.33E+05 

0 

256 

53 

1 .91E+06 

0 

7.69E+05 

0 

257 

54 

2.00E+06 

0 

8. 086*05 

0 

258 

55 

2.106+06 

0 

8.486*05 

0 

259 

56 

2.21E+06 

0 

6.90E+05 

0 

260 

57 

2.32E+06 

0 

9.35E*05 

0 

261 

58 

2 . 43E+C6 

0 

9.82E*05 

0 

262 

59 

2.55E+06 

0 

1 .036*06 

0 

263 

60 

2.686+06 

0 

1.086*06 

0 

264 

61 

2.82E+Q6 

0 

1 . 14E*06 

0 

265 

62 

2.966+06 

0 

1.19E*06 

0 

266 

63 

3.10E+06 

0 

1.25E*06 

0 

267 

64 

3.266+06 

0 

1.326*06 

0 

263 

65 

3.426+06 

0 

1.386*06 

0 

269 

66 

3.596+06 

0 

1.45E*06 

0 

270 

67 

3.776+06 

0 

1 .526*06 

0 

271 

68 

3.966+06 

0 

1.606*06 

0 

272 

69 

4.166+06 

0 

1.686*06 

0 

273 

70 

4.376+06 

0 

1.766*06 

0 

274 

71 

4.596+06 

0 

1.05E*06 

0 

275 

72 

4.82E+06 

0 

1.946*06 

0 

276 

73 

5.066+06 

0 

2.046*06 

0 

277 

74 

5.316+06 

0 

2.146*06 

0 

278 

75 

5.586+06 

0 

2.256*06 

0 

279 

76 

5.856+06 

0 

2.366*06 

0 

280 

77 

4.156+06 

0 

2.486*06 

0 

281 

78 

6.45E+06 

0 

2.606*06 

0 

282 

79 

6.786+06 

0 

2.736*06 

0 

283 

60 

7.126+06 

0 

2.876*06 

0 

284 

81 

7.476+06 

0 

3.026*06 

0 

285 

82 

7.646*06 

0 

3.17E*06 

0 

286 

83 

8.246*06 

0 

3.326*06 

0 

287 

84 

8.65E*06 

0 

3.496*06 

0 

268 

65 

9.086*06 

0 

3,666*06 

0 

289 

86 

9.54E*06 

0 

3.85E*06 

0 

290 

87 

1.006*07 

0 

4.046*06 

0 

291 

88 

1.05E*07 

0 

4.246*06 

0 

292 

89 

1.106*07 

0 

4.456*06 

0 

293 

90 

1.166*07 

0 

4.686*06 

0 

294 

91 

1.22E*07 

0 

4.91E*06 

0 

295 

92 

1.256*0* 

0 

5.166*06 

0 

296 

93 

1 .34? -07 

0 

5.416*06 

0 

297 

94 

1.411*07 

0 

5.696*06 

0 

298 

95 

1 .486*07 

0 

5.976*06 

0 

299 

96 

1.55E*07 

0 

6.27E*06 

0 

300 

97 

1.6SE«07 

0 

6.586*06 

0 
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301 

98 

1.71E+07 

0 

6.91E+06 

302 

99 

1.80E+07 

0 

7.26E+06 

303 

100 

1.89E+07 

0 

7.62E+06 

304 

305 

306  FOR 

307 

INFLATION  OF  5.00%  AVERAGE  PER  YEAR: 

RDF  VALUE 

SO 

0 

308 

1  ST  YEAR  OPERATING,  2D  YEAR  AFTER  DAY  0 

0.00E+00 

0 

O.OOE+OO 

309 

2  NO  YEAR 

O.OOE+OO 

0 

O.OOE+OO 

310 

3  RD  YEAR 

O.OOE+OO 

0 

O.OOE+OO 

311 

4  AND  SO  ON... 

C.OOE+OO 

0 

O.OOE+OO 

312 

5 

0.00E+00 

0 

O.OOE+OO 

313 

6 

O.OOE+OO 

0 

O.OOE+OO 

314 

7 

O.OOE+OO 

0 

O.OOE+OO 

315 

8 

0.00E+00 

0 

O.OOE+OO 

316 

9 

O.OOE+OO 

0 

O.OOE+OO 

317 

10 

O.OOE+OO 

0 

O.OOE+OO 

318 

11 

O.OOE+OO 

0 

O.OOE+OO 

319 

12 

O.OOE+OO 

0 

O.OOE+OO 

320 

13 

O.OOE+OO 

0 

O.OOE+OO 

321 

14 

O.OOE+OO 

0 

O.OOE+OO 

322 

15 

O.OOE+OO 

0 

O.OOE+OO 

323 

16 

O.OOE+OO 

0 

O.OOE+OO 

324 

17 

O.OOE+OO 

0 

O.OOE+OO 

325 

18 

O.OOE+OO 

0 

O.OOE+OO 

326 

19 

O.OOE+OO 

0 

O.OOE+OO 

327 

20 

O.OOE+OO 

0 

O.OOE+OO 

328 

21 

O.OOE+OO 

0 

O.OOE+OO 

329 

22 

O.OOE+OO 

0 

O.OOE+OO 

330 

23 

O.OOE+OO 

0 

O.OOE+OO 

331 

24 

O.OOE+OO 

0 

O.OOE+OO 

332 

25 

O.OOE+OO 

0 

O.OOE+OO 

333 

26 

O.OOE+OO 

0 

O.OOE+OO 

334 

27 

O.OOE+OO 

0 

O.OOE+OO 

335 

28 

O.OOE+OO 

0 

O.OOE+OO 

336 

29 

O.OOE+OO 

0 

O.OOE+OO 

337 

30 

O.OOE+OO 

0 

O.OOE+OO 

338 

31 

O.OOE+OO 

0 

O.OOE+OO 

339 

32 

O.OOE+OO 

0 

O.OOE+OO 

340 

33 

O.OOE+OO 

0 

O.OOE+OO 

341 

34 

O.OOE+OO 

0 

O.OOE+OO 

342 

35 

O.OOE+OO 

0 

O.OOE+OO 

343 

36 

O.OOE+OO 

0 

O.OOE+OO 

344 

37 

O.OOE+OO 

0 

O.OOE+OO 

345 

38 

O.OOE+OO 

0 

O.OOE+OO 

346 

39 

O.OOE+OO 

0 

O.OOE+OO 

347 

40 

O.OOE+OO 

0 

O.OOE+OO 

348 

41 

O.OOE+OO 

0 

O.OOE+OO 

349 

42 

O.OOE+OO 

0 

O.OOE+OO 

350 

43 

O.OOE+OO 

0 

O.OOE+OO 

351 

44 

O.OOE+OO 

0 

O.OOE+OO 

352 

45 

O.OOE+OO 

0 

O.OOE+OO 

353 

46 

O.OOE+OO 

0 

O.OOE+OO 

354 

47 

O.OOE+OO 

0 

O.OOE+OO 

355 

48 

O.OOE+OO 

0 

O.OOE+OO 

356 

49 

O.OOE+OO 

0 

O.OOE+OO 

357 

50 

o.uoe+oo 

a 

O.OOE+OO 

358 

51 

O.OOE+OO 

0 

O.OOE+OO 

359 

52 

O.OOE+OO 

0 

O.OOE+OO 

360 

53 

O.OOE+OO 

0 

O.OOE+OO 

361 

54 

O.OOE+OO 

0 

O.OOE+OO 

362 

55 

O.OOE+OO 

0 

O.OOE+OO 

363 

56 

O.OOE+OO 

0 

O.OOE+OO 

364 

57 

O.OOE+OO 

0 

O.OOE+OO 

365 

58 

O.OOE+OO 

0 

O.OOE+OO 

366 

59 

O.OOE+OO 

0 

O.OOE+OO 

367 

60 

O.OOE+OO 

0 

O.OOE+OO 

368 

61 

O.OOE+OO 

0 

O.OOE+OO 

369 

62 

O.OOE+OO 

0 

O.OOE+OO 

370 

63 

O.OOE+OO 

0 

O.OOE+OO 

371 

64 

O.OOE+OO 

0 

O.OOt+OO 

372 

65 

O.OOE+OO 

0 

0  OOE+OO 

373 

66 

O.OOE+OO 

0 

O.UJc+OO 

374 

67 

O.OOE+OO 

0 

O.OOE+OO 

375 

68 

O.OOE+OO 

0 

O.OOE+OO 
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Appendix  L 


LIFE-CYCLE  COST  ANALYSES 
50  TPD  NAVY  SHREDDING  STATION 


HSU  SHREDDING  OPERATION 


SHEAR  SHREDDING  VS.  HAMHERMILL 


NAVY  50  TPD  HSU 


FILE:  NAVY41 

i»aa»«iii^Ji3i:««ix»i=Kiist3;3SSts23ig>=saaas«iaHa»c  I  nati&issasan&ssssssssssusszcrasszsssassBa 


50  TPO  MAVY 


ABSTRACT 

FOR 

ANAL- 

FOR 

ANAL- 

PRESENT  VALUE  COSTS  PER  TON 

SHEAR 

YSIS 

HAMMER 

YSIS 

TO  SHRED  HSU 

SHREDDER 

PREFERRED 

HILLS 

PREFERRED 

PV  COST/TON  HSU  INCLUDING  CAPITAL  INVESTHENT: 

S4.27 

YES 

*4.36 

YES 

PV  COST/TON  HSU  EXCLUDING  CAPITAL  INVESTHENT 
(CASE  OF  SUNK  CAPITAL  COSTS): 

$0.44 

NO 

*1.12 

ixsssisssssai 

NO 

NSW  SHREDDING  OPERATION 


SHEAR  SHREDDING  VS.  HAMMERMILL 


NW  SO  TPO  HSU 


76 

CONTROLS 

$ 

SI. 240 

ri*E 

$619 

M*E 

77 

SPARES 

t 

$27,600 

A 

$342 

A 

78 

BLAST  WALLS 

$ 

$0 

E 

$18,000 

M*E 

79 

FOUNDATION 

$ 

$3,170 

C*E 

$6,220 

C*E 

80 

STRUCTURAL  SUPPORTS 

$ 

V  .000 

E 

$4,000 

E 

81 

VIBRATION  ISOLATION 

$ 

$0 

c 

$2,000 

E 

82 

TOTAL  E1M 

$ 

$548,1*60 

$407,500 

83 

84 

FIELD 

85 

INST 

86 

INSTALLATION 

FACTOR 

87 

SHREDDER 

$ 

1.12 

$3C,000 

C*E 

$1U,440 

C*E 

88 

CONVEYORS 

$ 

1.64 

$136,960 

C*E 

$136,960 

C*E 

89 

CHUTES/TRANSITIONS 

$ 

2.00 

410,000 

C*E 

3 -0,000 

C*E 

90 

EXPLOSION  VENTS 

$ 

1.80 

SO 

£ 

*21.770 

CH*E 

91 

DUST  CONTROL 

$ 

1.69 

$17,250 

C*E 

$17,250 

C*E 

92 

MOTOR  CONTROL  CENTER 

$ 

1.20 

$2,690 

C*£ 

$2,620 

C*E 

93 

ACCESS  PROVISIONS 

$ 

1.70 

$0 

E 

$0 

E 

94 

CONTROLS 

S 

H/A 

$513 

H*E 

$257 

K*E 

95 

SPARES 

$ 

1.00 

$0 

$0 

96 

BLAST  WALLS 

$ 

N/A 

$0 

K*E 

$32,400 

H*E 

97 

FOUNDATION 

$ 

N/A 

$5,180 

C*E 

$10,170 

C*E 

98 

STRUCTURAL  SUPPORTS 

$ 

1.80 

$3,200 

E 

$3,200 

E 

99 

VIBRATION  ISOLATION 

s 

1.50 

$0 

E 

$1,000 

E 

100 

TOTAL  INSTALLATION 

$ 

$205,790 

$246,070 

101 

TOTAL  EQMT,  NATL,  LABOR 

$ 

$754,250 

$653,570 

102 

ENGINEERING/CONST  SUPERVISION 

XINST 

12X 

$90,510 

$78,430 

103 

MANAGEMENT  RESERVE 

XINST 

15X 

$126,710 

$109,800 

104 

TOTAL  CONST  COST 

B 

$971,470 

$841,800 

105  FINANCING  COSTS 

XTOT 

25X 

$242,870 

$210,450 

106  CAPITAL  COST  DIMING  CONST 

s 

$1,214,340 

$1,052,250 

107  FOR  A  ONE  YEAR  CONST  PERIOD, 

108  CAPITAL  COST  PER  QTR  IS: 

$303,590 

$263,060 

109 

110  PV  AT  DAY  0  OF  CONST 

111  PHASE  (APPLIES  TO  NAVY  CASE)  IS: 

$1,142,100 

$989,625 

112 

{ 

113  KAJOR  EQUIPMENT  REPLACEMENT  COST 

$ 

$673,210 

$490,650 

\ 

114 

1 

115  MAXIMUM  PRACTICAL  PROJECT  LIFE 

YEARS 

24 

24 

J 

116 

117 

118  HLM8ER  OF  EQMT  REPLMTS  IN  LIFE 

EACH 

1 

1 

119 

120  PV 

AT  CONST  DAY  0  EQUIVALENT  TO 

FUTURE  AMOUNT 

121 

TO  REPLACE  EQMT  1ST  TIME 

$367,710 

$268,000 

122 

123  PV 

AT  CONST  OAY  0  EQUIVALENT  TO 

FUTURE  AMOUNT 

124 

TO  REPLACE  EQMT  2D  TIME 

$210,410 

$153,350 

125 

126  PV 

AT  CONST  DAY  0  EQUIVALENT  TO 

FUTURE  AMOUNT 

127 

TO  REPLACE  EQMT  30  TIME 

$120,400 

$87,750 

128 

129  PV 

OF  MAJOR  REPLACEMENTS 

130 

AT  CONST  DAY  0  (APPLIES  TO  NAVY  CASE) 

$367,710 

$268,000 

131 

132  FOR  THE  CHARLESTON  CASE  CAPITAL 

133  COSTS  ASSOCIATED  UITH  ORIGINAL  CONSTRUCTION 

134  ARE  ASSIMED  TO  BE  SUNK  COSTS  ANO  DAY  0  FOR  THE 

135  PRESENT  VALUE  ANALYSIS  IS  OAY  0  OF  OPERATIONS 

136  (NOT  DAY  0  OF  CONSTRUCTION  AS  IS  THE  NAVY  CASE). 

137 

138  PV  OF  MAJOR  REPLACEMENTS 

139 

AT  OPERATIONS  DAY  0  (CHLSTN  CASE): 

$385,220 

$280,760 

140 

141 

142 

143 

144 

145  OPERATING  REOMTS 

146 

ELECTRIC  POWER 

147 

SHREDDER  DRIVE 

KV/TON 

3.14 

T2-11 

9.14 

T2-11 

148 

LABOR  OPERATING  ONLY 

MH/TON 

0.1438 

T2-13 

0.1720 

T2-13 

149 

LABOR  ADMINISTRATIVE 

MH/TON 

0.0131 

T2*13 

0.0167 

12*13 

150 

TOTAL  ANNUAL  COST 

B/YR 

$21,350 

$29,760 
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v 


151 

152 
t53 
15<1 

155 

156 

157 

158 

159 

160 
161 
162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

172 

173 

174 

175 

176 

177 

178 

179 

180 
181 
182 

183 

184 

185 

186 

187 

188 

189 

190 

191 

192 

193 

194 

195 

196 

197 

198 

199 

200 
201 
202 

203 

204 

205 

206 

207 

208 

209 

210 
211 
212 

213 

214 

215 

216 

217 

218 

219 

220 
221 
222 

223 

224 

225 


MAINTENANCE 

LABOR  MH/TON 

TOTAL  ANNUAL  COST  S/YR 

REPAIR 

LABOR  MH/TON 

PARTS  S/TON 

TOTAL  ANNUAL  COST  S/YR 

THROUGHPUT /CAPACITY  FACTOR/AVAIUOIUTY 

AVG  INFEED  PER  YEAR  TONS 

UNSHREDDABLES 

AS  PERCENT  OF  INFEED  PCT 

TOTAL  ANNUAL  DISPOSAL  COST  S/TON 

RDF 

ANNUAL  PRODUCTION  TONS 

TOTAL  ANNUAL  VALUE  S/YR 


SUMMARY,  OVER  OPERATIONAL  LIFE  EQUAL  TO  YEARS* 
AND: 


ALL  PV'S  BASED  ON  DAY  0  CONSTRUCTION 
WHICH  UE  BELIEVE  IS  BEST  APPLIED 
TO  THE  NAVY  CASE: 

W  AT  DAY  0  COST  OF  ORIGINAL  CAPITAL 
PV  DAY  0  COST  OF  MAJOR  EQMT  REPLACEMENT 
TOTAL  PV  OF  OIM,  REPAIR  AND  DISPOSAL  COSTS 

TOTAL  PRESENT  VALUE  OF  RDF  OVER  OPTG  LIFE 

TOTAL  MET  PV  COST  PER  TON  NSW 
aaaaaaaaaaaaaasaaaaaaasaaaaaaaaaaaaxassaaaasacaa 
ALL  PV'S  BASED  ON  CAY  0  OPERATIONS 
WHICH  UE  BELIEVE  tS  BEST  APPLIED  TO  THE 
CHARLESTON  CASE  WHERE  CAPITAL  COSTS 
ARE  ASSUMED  SUNN: 

PV  AT  DAY  0  COST  OF  ORIGINAL  CAPITAL 
PV  DAY  0  COST  OF  MAJOR  EQMT  REPLACEMENT 
TOTAL  PV  OF  OtM,  REPAIR  AND  DISPOSAL  COSTS 

TOTAL  PRESENT  VALUE  OF  ROT  OVER  OPTG  LIFE,  S 

TOTAL  NET  PV  COST  PER  TON  MSW 


FOR  INFLATION  OF  5.G0X  AVERAGE  PER  YEAR: 

OPERATING,  MAINT,  DISPOSAL,  REPAIR  COST 

1  ST  YEAR  OPTG,  2D  YS  AFTER  CONST  0 


2  NO  YEAR  0 

3  60  YEAR  0 

4  AND  SO  ON...  0 

5  0 

6  0 

7  0 

8  0 

9  0 

10  SO 

11  SO 

12  SO 

13 

14  SO 

15  SO 

16  SO 

17  SO 

18  SO 

19  SO 

20  SO 

21  SO 

22  SO 


0.0106 

T2-13 

0.0108 

T2-13 

*371 

$883 

0,0114 

T2-14 

0.0106 

T2-14 

SI  .51 

T2-14 

$0.63 

T2-14 

S19.810 

$8,750 

12500 

T2-7 

12500 

T2-7 

0.25% 

CM 

CM 

>— 

15.33% 

T2-2 

S269 

$16,480 

12469 

10584 

162,340 

$52,920 

24 

24 

$1,142,100 

$989,620 

$367,710 

$268,000 

5.17E*05 

6.836*05 

$746,880 

$634,030 

$4.27 

S4.36 

SO 

SO 

$385,220 

$280,760 

5.696*05 

7.52E*05 

8.22E*05 

6.976*05 

SO. 44 

SI. 12 

4.236*04 

42300 

5.596*04 

5S873 

4.446*04 

44415 

5.876*04 

58666 

4.66E*04 

46636 

6.166*04 

61600 

4.906*04 

40968 

6.4/6*04 

64679 

5.14E*04 

51416 

6.796*04 

67913 

5.40E*O4 

53987 

7.13£*04 

71309 

5.576*04 

56686 

7.49€*04 

74375 

5.95E*04 

59521 

7. 86€*04 

7S618 

6.256*04 

61497 

8.25E*04 

62549 

6.566*04 

65621 

8.67E*04 

86677 

6.89E*G4 

68902 

9.106*04 

91011 

7.23£<04 

72348 

9.566*04 

95561 

7.606*04 

75965 

1.006*05 

100339 

7.986*04 

79763 

1.056*05 

105356 

8.3SE*04 

83751 

1.116*05 

110624 

8.796*04 

87939 

1.166*05 

116155 

9.236*04 

92336 

1.226*05 

121963 

9.706*04 

96953 

1.266*05 

128061 

1.026*05 

101600 

1.346*0S 

134464 

1.076*05 

106890 

1.41E*05 

141187 

1.126*05 

11223S 

1.486*05 

148247 

1.186*05 

117847 

1.566*05 

155659 
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226 

23 

227 

24 

228 

25 

229 

26 

230 

27 

231 

28 

232 

29 

233 

30 

234 

31 

235 

32 

236 

33 

237 

34 

238 

35 

239 

36 

240 

37 

241 

38 

242 

39 

243 

40 

244 

41 

245 

42 

246 

43 

247 

44 

248 

45 

249 

46 

250 

47 

251 

48 

252 

49 

253 

50 

254 

51 

255 

52 

256 

53 

2S7 

54 

258 

55 

259 

56 

260 

57 

261 

58 

262 

59 

26? 

60 

26s 

61 

265 

62 

266 

63 

267 

64 

268 

65 

269 

66 

270 

67 

271 

68 

272 

69 

273 

70 

274 

71 

275 

72 

276 

73 

277 

74 

278 

75 

279 

76 

2S0 

77 

281 

78 

28? 

79 

283 

80 

284 

81 

285 

82 

286 

83 

287 

84 

288 

85 

269 

86 

290 

87 

291 

M 

292 

89 

293 

90 

294 

91 

295 

92 

296 

93 

297 

94 

298 

95 

299 

96 

300 

97 

1.24E+05 

123739 

1 .636*05 

163442 

1 .30E+C5 

129926 

1.72E+05 

171614 

1.36E+G5 

0 

1. 806+05 

0 

1  « '2+05 

0 

1 .896+05 

0 

1  506+05 

0 

1. 996+05 

0 

'.58E+05 

0 

2. 096+05 

0 

1 .66E+05 

0 

2. 196+05 

0 

1 . 74E+05 

0 

2.30E+05 

0 

I .83E+05 

0 

2.41E+05 

0 

1 .92E+05 

C 

2.54E+05 

0 

2.02E+Q5 

0 

2.66E+05 

0 

2.12E+05 

0 

2.80E+05 

0 

2 . 22E+05 

0 

2.94E+05 

0 

2.33E+05 

0 

3.08E+05 

0 

2.45E+05 

0 

3.24E+05 

0 

2.57E+05 

0 

3.40E+05 

0 

2.706+05 

0 

3.57E+05 

0 

2.84E+05 

0 

3.75E+05 

0 

2.98E+05 

0 

3.93E+05 

0 

3.136+05 

0 

4.13E+05 

0 

3.28E+05 

0 

4.34E+05 

0 

3.45E+05 

0 

4.55E+05 

0 

3.626+05 

0 

4.78E+05 

0 

3.8QE+05 

0 

5.02E+05 

0 

3.996+05 

0 

5.27E+05 

0 

4.196+05 

0 

5.53E+05 

0 

4.406+05 

0 

5.81E+05 

0 

4.62E+05 

0 

6.106+05 

0 

4.85E+05 

0 

6,416+05 

0 

5.096+05 

0 

6.736+05 

0 

5.35E+05 

0 

7.066+05 

0 

5.62E+05 

0 

7.42E+05 

0 

5.906+05 

0 

7.796+05 

0 

6.196+05 

0 

8.18E+05 

0 

6  506+05 

0 

8.596+05 

0 

6.83E+05 

0 

9.02E+05 

0 

7. ',"*05 

0 

9.47E+05 

0 

7.53E+OS 

0 

9.946+05 

0 

7.906+05 

0 

1.04E+06 

0 

8.30E+05 

0 

1.10E+06 

0 

B.71E+05 

0 

1.15E+06 

0 

9.15E+05 

0 

1.21E+06 

0 

9.606+05 

0 

1.276+06 

0 

1.016+06 

0 

1.336+06 

0 

1.066+06 

0 

1.406+06 

0 

1 .11E+06 

0 

1.476+06 

0 

1.17E+06 

0 

1.54E+06 

0 

1.236+06 

0 

1.626+06 

0 

1.296+06 

0 

1.706+06 

0 

1 .35E+06 

0 

1.796+06 

0 

1.426*06 

0 

1.87E+06 

0 

1.49E*06 

0 

1.976+06 

0 

1.56E*06 

0 

2.07E+06 

0 

1.64E*06 

0 

2.176+06 

0 

1.72E*06 

0 

2.286+06 

0 

1.81E*06 

0 

2.396+06 

0 

1.906*06 

0 

2,516+06 

0 

2.006*06 

0 

2.646+06 

0 

2.10E*06 

0 

2.77E+06 

0 

2.206*06 

0 

2.91E+06 

0 

2.31E*06 

0 

3.0S£*06 

0 

2.436*06 

0 

3.21£*06 

0 

2.5SE*06 

0 

3.37E+06 

0 

2.656*06 

0 

3.53E-06 

0 

2.616*06 

0 

3.71E+06 

0 

2.95E*06 

0 

3.906+06 

0 

3.10E*06 

0 

4.096+06 

0 

3.2SE*06 

0 

4.306*06 

0 

3.416*06 

0 

4.51E+06 

p 

3.596- 06 

0 

4.74E*06 

0 

3.766*06 

0 

4.976*06 

0 

3.956*06 

0 

5. 226+06 

0 

4.15E*06 

0 

5.486*06 

0 

4.366*06 

0 

3  766*06 

0 

4.586*06 

0 

6.046*06 

0 
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301 

98 

4.81E*06 

0 

6.35E*06 

0 

302 

99 

5.05E+06 

0 

6.666*06 

0 

303 

100 

5.30E+06 

0 

7.00E+06 

0 

304 

305 

306  FOR 

307 

308 

INFLATION  OF  5.00X  AVERAGE  PER  YEAR: 

RDF  VALUE 

1  ST  YEAR  OPERATING,  2D  YEAR  AFTER  DAY  0 

6.23E+04 

62340 

5.29E+04 

52920 

309 

2  ND  YEAR 

6.55E+04 

65457 

5.56E*04 

55566 

310 

3  RD  YEAR 

6.87E+04 

68730 

5.83E+04 

58344 

311 

4  AND  SO  ON... 

7.22E+04 

72166 

6.13E+04 

61262 

312 

5 

7.58E+04 

75775 

6.43E+04 

64325 

313 

6 

7.96E*04 

79563 

6.75E+04 

67541 

314 

7 

8.35E+04 

83542 

7.096*04 

70913 

315 

8 

8.77E*04 

87719 

7.45E+04 

74464 

316 

9 

9.21E+04 

92105 

7.82E*04 

78187 

317 

10 

9.67E*04 

96710 

8.21E+04 

82096 

318 

11 

1.02E+05 

101545 

8.62E+04 

86201 

319 

12 

1.07E*05 

53311 

9.05E*04 

45256 

320 

13 

1.126*05 

111954 

9.50E+04 

95037 

321 

14 

1.186*05 

117551 

9.98E*04 

99789 

322 

15 

1.236*05 

123429 

1.05E+05 

104778 

323 

16 

1.306*05 

129600 

1.10E*05 

110017 

324 

17 

1 .366*05 

136080 

1.16E+05 

115518 

325 

18 

1.43E*05 

142884 

1 .21 E*05 

121294 

326 

19 

1 .50E*05 

150029 

1.27E+05 

127358 

327 

20 

1.58E*05 

157530 

1.34E*05 

133726 

328 

21 

1 .65E+05 

165407 

1.406*05 

140413 

329 

22 

1 .74E*05 

173677 

1.476*05 

147433 

330 

23 

1.82E*05 

182361 

1.55E*05 

154805 

331 

24 

1.91E*05 

191479 

1.63E+05 

162545 

332 

25 

2.01E*05 

0 

1.71 E*05 

0 

333 

26 

?.11E*05 

0 

1 .796*05 

0 

334 

27 

2.226*05 

0 

1 .88€*05 

0 

335 

28 

2.33E*05 

0 

1.986*05 

0 

336 

29 

2.44E*05 

0 

2.07E+05 

0 

337 

30 

2.576*05 

0 

2.18E*05 

0 

338 

31 

2.69E+05 

0 

2.29E*05 

0 

339 

32 

2.83E*05 

0 

2.406*05 

0 

340 

33 

2.97E*05 

0 

2.52E+05 

0 

341 

34 

3.126*05 

0 

2.656*05 

0 

342 

35 

3.276*05 

0 

2.786*05 

0 

343 

36 

3.44E*05 

0 

2.92E*05 

0 

344 

37 

3.61E*05 

0 

3.076*05 

C 

345 

38 

3.796*05 

0 

3.22E*05 

0 

346 

39 

3.966*05 

0 

3.38E*05 

0 

347 

40 

4.18E*05 

0 

3.55E*05 

0 

348 

41 

4.396*05 

0 

3.736*05 

0 

349 

42 

4.61E*05 

0 

3.91E*05 

0 

350 

43 

4.846*05 

0 

4.116*05 

0 

351 

44 

5.056*05 

0 

4.31E*05 

0 

352 

45 

5.336*05 

0 

4.536*05 

0 

353 

46 

5.606*05 

0 

4.756*05 

0 

354 

47 

5.856*05 

0 

4.996*05 

0 

355 

48 

6.186*05 

0 

5.246*05 

0 

356 

49 

6.48£*05 

0 

5.506*05 

0 

357 

50 

6.816*05 

0 

5.786*05 

0 

358 

51 

7.15E*05 

0 

6.076*05 

0 

359 

52 

7.516*05 

0 

6.376*05 

0 

360 

S3 

7.88E*05 

0 

6.696*05 

0 

361 

54 

8.286*05 

0 

7.036*05 

u 

362 

55 

8.696*05 

0 

7.38£*05 

0 

363 

56 

9.126*05 

0 

7.756*05 

0 

364 

57 

9.586*05 

0 

8.13£*05 

0 

365 

58 

1.016*06 

0 

8.546*05 

0 

366 

59 

1.066*06 

0 

8.976*05 

0 

367 

60 

1.11E*06 

0 

9.41E*05 

0 

368 

61 

1.16£*06 

0 

9.896*05 

0 

369 

62 

1.226*06 

0 

1 .04E*0>> 

0 

370 

63 

1.256*06 

0 

1.09E*06 

0 

371 

64 

1.356*06 

0 

1.14E*06 

0 

372 

65 

1.426*06 

0 

1.206*06 

0 

373 

66 

1.496*06 

0 

1.266*06 

0 

374 

67 

1.566*06 

0 

1.326*06 

0 

375 

68 

1.646*06 

0 

1.396*06 

0 
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LIST  OF  ACRONYMS  AND  NOMENCLATURE 


APPENDIX  M 


ACLF 

Ao 

CMR 

cc 

CF 


CL 

CP 

FE 

HRI 

MCRRF 

MI 

MSW 

MTPF 

MTBMA 


MTTR 

Mta 

Mtb 

Mtc 

Mtd 

Mte 

NAVFAC 

NPV 

NYSERDA 

N* 


Nma 

Nr 

O&M 

O/S 

PMR 

PV 

R 


RAM 

RDF 

see 


ACRONYM/NOMENCLATURE  LIST 

Air  classifier  light  fraction 
Availability,-  defined  as  ta/(ta+tb+tc+td+te) 

Corrective  Maintenance  Ratio,  defined  as  Mtc/ta 
Total  cost  of  consumable  supplies  not  included  in  CF 
Total  cost  of  fuel  used  (virgin,  waste  oil,  and 
electrical) 

Average  cost  of  labor 

Total  cost  of  parts  used  in  repairs,  maintenance,  and 
replacement 
Ferrous 

Heat  Recovery  Incinerator 

Monroe  County  Resource  Recovery  Facility  (at  Rochester, 
NY) 

Maintainability  Index,  defined  as  (Mtb+Mtc)/ta 
Municipal  Solid  Waste 

Mean  Time  Between  Failures,  defined  as  ta/Nf 

Mean  Time  Between  "Maintenance  Actions,  defined  as 

ta/Nma 

Mean  Time  To  Repair,  defined  as  Rp/N,. 

Man-hours  of  effort  during  period  £a  “ 

Man-hours  of  effort  during  period  tb 
Man-hours  of  effort  during  period  tc 
Man-hours  of  effort  during  period  td 
Man-hours  of  effort  during  period  te 
Naval  Facility 
Net  Present  Value 

New  York  State  Research  and  Development  Authority 
Number  of  Failures  that  caused  shutdown  of  the 
equipment 

Number  of  maintenanbee  actions 
Number  of  repairs 
Operations  and  Maintenance 
Trommel  oversize  at  MCRRF 

Preventative  Maintenance  Ratio,  defined  as  Mtb/ta 
Present  Value 

Reliability  (in  probability  form),  defined  as 
e-tm/MTBF 

Reliability,  Availability  and  Maintainability 
Refuse  Derived  Fuel 

Total  active  repair  time  spent  on  corrective 
maintenance 

Specific  Consumable  Cost,  defined  as  (CF+CC)/tons 


M-2 


Appendix  M  (Continued) 


SOM 

SPC 

SRM 

STM 

SWRC 

TPD 

TPH 

kwh/ton 


n.a. 

rpm 


U/S 


Specific  Operating  Man-hours,  defined  as  Mta/tons 
Specific  Part  Maintenance  Costs,  defined  as  CP/tons 
Specific  Repairs  and  Maintenance  Man-hours,  defined  as 
(Mtb+Mtc+te)  tons 

Specific  Total  Man-hours,  defined  as 
(Mta+Mtb+Mtc+Mtd+Mte) /tons 

Solid  Waste  Reduction  Center  (at  Charleston  County,  SC) 

tons  per  day 

tons  per  hour 

kilowatt-hours/ton 

not  available 

revolutions  per  minute 

Operational  Period,  includes  tal  and  ta2 
Operational  Period  during  which  shredder  was  energized 
and  processing 

Operational  Period  during  which  shredder  was  energized 
and  not  processing 

Period  of  time  spent  in  routine  maintenance 
Period  of  time  spent  in  repairs/replacements 
Period  of  time  shredder  was  de-energized,  but 
operational 

Period  of  time  shredder  was  de-energized,  but  not 
operational 

Mission  time  or  period  of  time  over  which  uninterrupted 
operation  is  desired 
Trommel  undersize  at  MCRRF 


DISTRIBUTION  LIST 


AFB  HQ  TAC/DEMM  (Schmidt),  Langley,  VA 

ARMY  ARDC,  Library,  Dover,  NJ;  Ch  of  Engrs,  DAEN-CWE-M,  Washington.  DC;  Ch  of  Engrs, 

DAEN-MPU,  Washington,  DC;  ERADCOM  Tech  Supp  Dir.  (DELSD-L),  Ft  Monmouth,  NJ;  R&D  Cmd, 
STRNC-WSA  (Kwoh  Hu),  Natick,  MA 
ARMY  AMMUNITION  PLANT  SARHW-FET,  Hawthorne,  NV 
ARMY  CRREL  CRREL-EA,  Hanover,  NH 

ARMY  MAT  &  MECH  RSCH  CEN  DRXMR-SM  (Lenoe),  Watertown,  MA 
CBC  PWO  (Code  80),  Port  Hueneme,  CA;  PWO,  Davisville,  RI;  PWO,  Gulfport,  MS 
CNO  Code  NOP-964,  Washington  DC;  Code  OP  987,  Washington,  DC;  Code  OP  413,  Washington,  DC;  Code 
OPNAV  09B24  (H) 

COMFLEACT  PWO,  Sasebo..  Japan  4 

COMNAVDIST  PWO,  Washington,  DC 
DOD  DDR&E,  Washington,  DC 
DTNSRDC  PWO,  Bethesda,  MD 

ENVIRONMENTAL  PROTECTION  AGENCY  Reg  III  Lib,  Philadelphia,  PA 
FCTC  LANT  PWO,  Virginia  Bch,  VA 
FOREST  SERVICE  Engrg  Staff,  Washington,  DC 

MARINE  CORPS  BASE  PWO,  Camp  Lejeune,  NC;  PWO,  Camp  Pendleton,  CA 

MCAS  Code  FDP,  Kaneohe  Bay,  HI;  Fac  Offr,  Iwakuni,  Japan:  PWO,  Santa  Ana,  CA;  PWO,  Beaufort,  SC; 

PWO,  Cherry  Point.  NC;  PWO,  Yuma,  AZ 
MCDEC  PWO,  Quantico,  VA 
MCLB  PWO,  Albany,  GA;  PWO,  Barstow  CA 
MCRD  PWO,  Parris  Island,  SC 

NAF  PWO,  Aisugi,  Japan;  PWO,  El  Centro,  CA;  Detroit,  PWO,  Mount  Clemens,  MI;  PWO,  Washington,  DC 
NAS  PWO  (Code  632)  Point  Mugu,  CA;  PWO,  Jacksonville,  FL;  PWO,  Meridian,  MS;  PWO,  New  Orleans, 
LA;  PWO,  Alameda,  CA;  PWO,  Fallon,  NV;  PWO,  BeeviUe,  TX;  PWO,  Cecil  Field,  FL;  PWO,  Corpus 
Christi  TX;  PWO,  Dallas  TX;  PWO,  Glenview  IL;  PWO.  Key  West,  FL;  PWO,  Kingsville  TX;  PWO. 
Lcmoore,  CA;  PWO,  Marietta,  GA;  PWO,  Millington,  TN;  Whiting  Fid,  PWO,  Milton,  FL;  PWO, 

Miramar,  San  Diego,  CA;  PWO,  Moffett  Field,  CA;  PWO.  Norfolk,  VA 
AF  4700  ADS  (SPT)  (TAC),  Peterson  AFB,  CO;  ABG/DER,  Patrick  AFB,  FL 

AFB  ABG/DEE  (F.  Nethers),  Goodfellow  AFB  TX;  AUIVLSL  63-465,  Maxwell,  AL;  HQ  MAC/DEEE,  Scott 
AFB,  IL;  AFIT/DET,  Wright-Patterson  AFB,  OH 
AFESC  HQ  AFESOTST,  Tyndall  AFB,  FL;  DEB,  Tyndall  AFB,  FL;  HQ  TST,  Tyndall  AFB.  FL 
ARMY  BMDSC-RE  (H  McClellan),  Huntsville,  AL;  Engr  Dist  Memphis,  uib,  Memphis,  TN;  FESA-E 
(Krajewski),  Fort  Belvoir,  VA;  FESA-EN,  Fort  Belvoir,  VA 
ARMY  -  CERL  Library,  Champaign  IL;  CERL-ZN,  Champaign,  IL 
ARMY  CORPS  OF  ENGINEERS  HNDED-CS,  Huntsville,  AL;  HNDED  FD,  Huntsville,  AL 
ARMY  ENVIRON.  HYGIENE  AGCY  Dir.  Env  Qual,  Aberdeen  Proving  Grnd,  MD;  HSE-RP-HG, 

Arberdccn  Proving  Grnd,  MD;  HSHB-EW.  Aberdeen  Proving  Grnd,  MD 
ARMY  MISSILE  R&D  CMD  Ch,  Docs,  Sci  Info  Or,  Arsenal.  AL 

ARMY-BELVOIR  R&D  CTR  STRBE-CFLO,  Fort  Belvoir,  VA,  STRBE-AALO,  Ft  Belvoir.  VA; 

STRBE-3LQRE,  Ft  Belvoir,  VA;  STRBE-WC,  Ft.  Belvoir,  VA 
BUREAU  OF  RECLAMATION  Code  1512  (C  Sclander),  Denver,  CO 
CNO  Code  OP-987J,  Washington,  DC;  OP-093,  Washington,  DC 
DEFFUELSUPPCF.N  DFSC-OWE,  Alexandria  VA 
DLSIE  Army  Logistics  Mgt  Center.  Fort  Lee.  VA 
DOE  Wind’Ocean  Tech  Div.  Tobacco.  MD 

ENVIRONMENTAL  PROTEC  HON  AGENCY  Rcb  VIII,  Lib.  Denver,  CO 

FAA  Code  APM-740  (Tomita),  Washington,  DC 

GSA  Code  FAIA,  Washington,  DC;  Code  PCDP,  Washington,  DC 

IRE-11TD  Input  Proc  Dir  (R.  Danford),  Eagsn.  MN 

LIBRARY  OF  CONGRESS  Sci  &  Tech  Div.  Washington,  DC 

NAS  Lead  CPO,  PWD,  Self  Help  Div,  BeeviUe.  TX;  PWO.  Oak  Harbor.  WA;  Oceana,  PWO.  Virginia  Bch. 

VA;  PWO,  South  Weymouth,  MA;  PWO,  Willow  Grove,  PA 
NATL  RESEARCH  COUNCfL  Naval  Studies  Board,  Washington,  DC 
NAVAIRDEVCEN  PWO.  Warminster,  PA 
NAVAIRENGCEN  PWO,  Lakchurst.  NJ 
NAVAIRPROPTESTCEN  PWO,  Trenton,  NJ 
NAVA'RTESTCEN  PWO.  Patuxent  River,  MD 
NAVAVIONICCEN  PW  Div,  Indianapolis,  IN 
NAVCOASTSYSCEN  Code  630,  Panama  City.  FL 
NAVFAC  PWO,  Charicstcn,  OR;  PWO.  Pacific  Beach.  WA 

NAVFACENGCOM  Code  03.  Alexandria.  VA;  Code  032E.  Alexandria.  VA,  Code  03T  (Essoglou).  Alexandria. 
VA;  Code  (MAI.  Alexandria,  VA;  Code  WBJ.  Alexandria.  VA 


AFB  82ABG/DEMC,  Williams  AZ;  AFSC/DEEQ  (P  Montoya),  Peterson  AFB,  CO;  SAMSO/MNND,  Norton 
AFB  CA;  SAMSO/DEC  (Sauer),  Vandenberg  AFB,  CA 
ARMY  Facs  Engr  Dir,  Contr  Br,  Ft  Ord,  CA;  POJED-O,  Okinawa,  Japan;  Comm  Cmd,  Tech  Ref  Div, 
Huachuca,  AZ 

ARMY  DEPOT  Letterkenny,  Fac  Engr  (SDSLE  SF),  Chambersburg,  PA 

ARMY  ENGR  DIST  Library,  Portland  OR 

DTIC  Alexandria,  VA 

GIDEP  OIC,  Corona,  CA 

KWAJALEIN  MISRAN  BMDSC-RKL-C 

NAVFACENGCOM  Code  03,  Alexandria,  VA;  Code  032E,  Alexandria,  VA;  Code  04M,  Alexandria,  VA;  Code 
04T1B  (Bloom),  Alexandria,  VA;  Code  04T<*,  Alexandria,  VA;  Code  0812,  Alexandria,  VA;  Code  09M124 
(Tech  Lib),  Alexandria,  VA;  Code  100,  Alexandria,  VA;  Code  1113,  Alexandria,  VA;  Code  111B 
(Hanneman),  Alexandria,  VA;  Code  112,  Alexandria,  VA;  Code  113C,  Alexandria.  VA 
NAVFACENGCOM  -  CHES  DI\*.  Code  FPO-1E,  Washington,  DC-  CO,  Washington,  DC 
NAVFACENGCOM  -  LANT  DIV.  Library,  Norfolk,  VA;  CO,  Norfolk,  VA 
NAVFACENGCOM  -  NORTH  DIV.  CO,  Philadelphia,  PA 
NAVFACENGCOM  -  PAC  DIV.  CO,  Pearl  Harbor,  HI,  Library,  Pearl  Harbor,  HI 
NAVFACENGCOM  •  SOUTH  DIV.  CO,  Charleston,  SC;  Library,  Charleston,  SC 

NAVFACENGCOM  -  WEST  DIV.  Br  Offc,  Code  114C,  San  Diego,  CA;  Br  Ofc,  Security  Offr,  San  Diego,  CA; 

CO,  San  Bruno,  CA;  Library  (Code  04A2.2),  San  Bruno,  CA 
NAVFACENGCOM  CONTRACTS  SW  Pac,  OICC,  Manila,  RP 
NAVHOSP  PWO,  Philadelphia,  PA;  PWO,  Beaufort,  SC;  PWO,  Portsmouth,  VA 
NAVMEDCOM  MIDLANT  REG,  PWO.  Norfolk,  VA;  PWO,  Bethesda,  MD 
NAVOCEANO  Library  Bay  St.  Louis,  MS 
NAVORDSTA  PWO,  Indian  Head,  MD;  PWO,  Louisville,  KY 
NAVPHIBASE  PWO,  Norfolk.  VA 

NAVSHIPYD  Library,  Portsmouth,  NH;  PWD,  Long  Beach,  CA;  PWO,  Bremerton,  WA;  PWO,  Charleston, 

SC;  PWO,  Mare  Island,  Vallejo,  CA;  PWO,  Portsmouth,  VA;  PWO,  Philadelphia,  PA;  PWO,  Portsmouth. 

NH 

NAVSTA  PWO,  Brooklyn,  NY;  PWO,  Mayport,  FL;  PWO,  San  Francisco,  CA;  PWO,  Seattle,  WA;  PWO, 
Vallejo,  CA 

NAVSUPPFAC  PWO.  Thurmont  MD 

NAVSURFWPNCEN  DET.  White  Oak  Lab.  Proj  Mgr.  \rtic  ASW,  Silver  Spring,  MD;  PWO.  Dahlgren,  VA 
NAVUSEAWARENGSTA  PWO,  Keyport  WA 
NAVWPNCEN  PWO  (Code  266),  China  Lake,  CA 

NAVWPNSTA  PWO.  Charleston,  SC;  PWO,  Concord,  CA;  PWO,  Seal  Beach,  CA 
NAVWPNSTA  PWO,  Yorktown,  VA 
NAVWPNSUPPCEN  PWO.  Crane.  IN 
NOAA  Library,  Rockville.  MD 

NSC  Cheatham  Annex,  PWO.  Williamsburg,  VA;  PWO,  Norfolk.  VA 
OFFICE  SECRETARY  OF  DEFENSE  OASD  (MRA&L)  Dir  of  Energy,  Washington.  DC 
PACMISRANFAC  PWO.  Kauai,  HI 
PMTC  Code  5054-S,  Point  Mugu.  CA 

PWC  CO,  Great  Lakes,  IL;  CO.  Pensacola,  FL;  CO,  Norfolk,  VA;  CO,  Oakland,  CA;  CO.  Yokosuka,  Japan; 
Code  100E.  Great  Lakes,  IL;  Code  101  (l  ibrary!.  Oakland.  CA;  Code  110,  San  Diego,  CA;  Code  123-C, 

San  Diego.  CA;  Code  420,  Great  Lakes,  IL;  CO.  Pearl  Harbor,  HI;  Library  (Code  134),  Pearl  Harbor,  HI; 
Library,  Guam,  Mariana  Islands;  Library,  Norfolk.  VA;  Library,  Pensacola,  FL;  Library,  Yokosuka  JA; 

Tech  Library.  Subic  Bay,  RP 
SPCC  PWO  (Code  (MX).  Meehanicsburg,  PA 

U  S.  MERCHANT  MARINE  ACADEMY  Reprint  Custodian.  Kings  Potm.  NY 
US  DEPT  OF  INTERIOR  Nat  l  Park  Svc,  RMR'PC  Denver,  CO 
US  GEOLOGICAL  SURVEY  Marine  Geology  Offc  (Piteleki).  Rcston.  VA 
USAF  REGIONAL  HOSPITAL  SCFM.  Fairchild  AFB.  WA 
USAFE  HO  DE-HFO.  Ramstcin  AFB.  Germany 

USCG  Code  G-MMT-4/82.  Washington.  DC;  Hqtrs  library.  Washington.  DC 
USCG  R&D  CENTER  Library,  Groton.  Cl 

USDA  Ext  Sctv  (T  Maher).  Wadungiow,  DC;  Forest  Prod  Lab.  Libr.  Madison,  W|;  For  Scrv.  Equip  Dev  Ccn. 

San  Dimas.  CA 
USNA  PWO,  Annapolis,  MD 

ADVANCED  TECHNOLOGY  Ops  Ccn  Mgr  (Moss).  Camarillo.  CA 
ARIZONA  Energy  Prog  Offc.  Phoenix,  AZ 
BERKELEY  PW  Engr  Div  (Harrison).  Berkeley.  CA 
BONNEVILLE  POWER  ADMIN  Energy  Conserv  Offc.  Portland.  OR 
BROOKHAVEN  NATL  LAB  M.  Steinberg.  Upton.  NY 

CALIF.  DEPT'  OF  NAVIGATION  &  OCEAN  DEV.  C»  Armstrong.  Sacramento.  CA 
CALIFORNIA  STATE  UNIVERSITY  C.V.  Chdapati.  Lory  Beach.  CA 


CITY  OF  AUSTIN  Resource  Mgmt  Dept  (0.  Arnold) .Austin,  TX 
CITY  OF  LIVERMORE  Project  Engr  (Dawkins),  Livermore,  CA 
COLORADO  STATE  UNIVERSITY  CE  Dept  (Nelson),  Ft  Collins,  CO 
CONNECTICUT  Office  of  Policy  &  Mgt,  Energy,  Div,  Hartford,  CT 
CORNELL  UNIVERSITY  Library,  Ser  Dept,  Ithaca,  NY 
DAMES  &  MOORE  LIBRARY  Los  Angeles,  CA 
DRURY  COLLEGE  Physics  Dept,  Springfield,  MO 

FLORIDA  ATLANTIC  UNIVERSITY  Ocean  Engrg  Dept  (McAllister),  Boca  Raton.  FL 
FOREST  INST.  FOR  OCEAN  &  MOUNTAIN  Library,  Carson  City,  NV 
FRANKLIN  INSTITUTE  Library,  Philadelphia,  PA 

GEORGIA  INSTITUTE  OF  TECHNOLOGY  Arch  Col  (Benton),  Atlanta,  GA 

HAWAII  STATE  DEPT  OF  PLAN.  &  ECON  DEV.  Tech  Info  Ctr,  Honolulu,  HI 

ILLINOIS  STATE  GEO.  SURVEY  Library,  Urbana,  IL 

WOODS  HOLE  OCEANOGRAPHIC  INST.  Proj  Engr,  Woods  Hole,  MA 

KEENE  STATE  COLLEGE  Cunninham,  Keene,  NH 

LAWRENCE  LIVERMORE  LAB  L-90  (F.J,  Tokarz),  Livermore,  CA 

LEHIGH  UNIVERSITY  Fritz  Engrg  Lab,  (Beedle),  Bethlehem,  PA:  Linderman  Libr,  Ser  Cataloguer, 
Bethlehem,  PA 

LOUISIANA  DIV  NATURAL  RESOURCES  &  ENERGY  R&D  Div,  Baton  Rouge,  LA 
MAINE  OFFICE  OF  ENERGY  RESOURCES  Augusta,  ME 
MISSOURI  ENERGY  AGENCY  Jefferson  City,  MO 

MIT  Engrg  Lib,  Cambridge,  MA;  Hydrodynamics  Lab  (Harleman),  Cambridge,  MA;  Lib,  Tech  Reports, 
Cambridge,  MA 

MONTANA  ENERGY  OFFICE  Anderson,  Helena,  MT 

NATURAL  ENERGY  LAB  Library,  Honolulu,  HI 

NEW  MEXICO  SOLAR  ENERGY  INST.  Dr.  Zwibel  Las  Cruces  NM 

NY  CITY  COMMUNITY  COLLEGE  Library,  Brooklyn,  NY 

NYS  ENERGY  OFFICE  Library,  Albany,  NY 

PORT  SAN  DIEGO  Proj  Engr,  Port  Fac,  San  Diego,  CA 

PURDUE  UNIVERSITY  Engrg  Lib,  Lafayette,  IN 

SCRIPPS  INSTITUTE  OF  OCEANOGRAPHY  Deep  Sea  Drill  Proj  (Adams),  La  JoUa,  CA 
SEATTLE  UNIVERSITY  Schwaegler,  Seattle,  WA 
SRI  INTL  Phillips,  Chem  Engr  Lab,  Menlo  Park,  CA 
ST.  JOSEPHS  HOSPITAL  Phoenix,  AZ 

STATE  UNIV  OF  NEW  YORK  CE  Dept,  Buffalo,  NY;  Longobardi,  Bronx,  NY 
TEXAS  A&M  UNIVERSITY  W.B.  Ledbetter,  College  Station,  TX 

UNIVERSITY  OF  CALIFORNIA  Energy  Engineer,  Davis  CA;  Prof  E.A.  Pearson,  Berkeley,  CA;  CE  Dept 
(Mitchell),  Berkeley.  CA;  UCSF,  Physical  Plant,  San  Francisco,  CA 
UNIVERSITY  OF  HAWAII  Library  (Sd  &  Tech  Div),  Honolulu,  HI 

UNIVERSITY  OF  ILLINOIS  Civil  Engrg  Dept  (Hall),  Urbana.  IL;  Library,  Urbana,  IL;  Metz  Ref  Rra, 
Urbana,  IL 

UNIVERSITY  OF  MASSACHUSETTS  ME  Dept  (Heroneumus),  Amherst,  MA 

UNIVERSITY  OF  NEBRASKA-LINCOLN  Ross  Ice  Shelf  Proj.  Lina*.,  NE 

UNIVERSITY  OF  TEXAS  AT  AUSTIN  Thompson,  Austin,  TX 

UNIVERSITY  OF  WASHINGTON  College  of  Engrg  (FHlOj.  Seattle.  WA 

UNIVERSITY  OF  WISCONSIN  Great  Lakes  Studies,  Ctr,  MUwaukec.  WI 

VENTURA  COUNTY  PWA  (Brownie)  Ventura,  CA 

APPLIED  SYSTEMS  R.  Smith.  Agana.  Guam 

ARV1D  GRANT  Olympia.  WA 

ATLANTIC  RICHFIELD  CO.  R.E.  Smith.  Dallas,  TX 

0R1I1SH  EMBASSY  Sci  &  Tech  Dept  (Wilkins).  Washington,  DC 

BROWN  &  ROOT  Ward,  Houston.  TX 

CMEMED  CORP  Dearborn  Chem  Div  Lib,  Lake  Zurich.  IL 

COLUMBIA  GULF  TRANSMISSION  CO.  Engrg  Lib.  Houston.  TX 

CONSTRUCTION  TECH  LAB  A.E.  Fiorato.  Skokie.  IL 

DIXIE  DIVING  CENTER  Dccaiut.  GA 

DURLACH.  O'NEAL.  JENKINS  &  ASSOC.  Columbia.  SC 

GEOTECHNICAL  ENGINEERS  INC.  (R.F.  Murdock)  Principal.  Winchester.  MA 

GRUMMAN  AEROSPACE  CORP.  Tech  Info  Ctr.  Bcthpage,  NY 

HALEY  &  ALDRICH.  INC.  HP  Aldrich.  Jr.  Cambridge.  MA 

LINDA  HALL  LIBRARY  Doc  Dept.  Kansas  City.  MO 

LITHON1A  LIGHTING  Applications  Engrg  (B  Helton).  Conyers.  GA 

MATRECON  H.  Haxo.  Oakland.  CA 

MC  DERMOTT.  INC  E&M  Div,  New  Orleans.  LA 

MEDERMOTT  &  CO.  Diving  Division.  Harvey.  1.A 

MIDLAND-ROSS  CORP.  Surface  Comb  Div.  Toledo.  OH 
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MOFFATT  &  NICHOL  ENGINEERS  R  Palmer,  Long  Beach,  CA 
PACIFIC  MARINE  TECHNOLOGY  (M.  Wagner)  Duvall,  WA 
PG&E  Library,  San  Francisco,  CA 
PHELPS  ASSOC  P.A.  Phelps,  Rheem  Valley,  CA 

PORTLAND  CEMENT  ASSOC  Corley,  Skokie,  IL;  Klieger,  Skokie,  IL;  Rsch  &  Dev  Lab  Lib,  Skokie,  IL 

RAYMOND  INTERNATIONAL  INC.  E  Colle  Soil  Tech  Dept,  Pennsauken,  NJ 

SANDIA  LABORATORIES  Library  Div.,  Livermore  CA 

SHANNON  &  WILLSON  INC.  Librarian  Seattle,  WA 

SHELL  DEVELOPMENT  CO.  Sellars,  Houston,  TX 

TEXTRON  INC  Rsch  Cen  Lib,  Buffalo,  NY 

THE  AM.  WATERWAYS  OPERATIONS,  INC.  N  Schuster,  Arlington,  VA 
TRW  SYSTEMS  Dai,  San  Bernardino,  CA 

UNITED  TECHNOLOGIES  Hamilton  Std  Div,  Lib,  Windsor  Locks,  CT 

WARD,  WOLSTENHOLM  ARCHITECTS  Sacramento,  CA 

WESTINGHOUSE  ELECTRIC  CORP.  Library,  Pittsburgh  PA 

WM  CLAPP  LABS  -  BATTELLE  Library,  Duxbury,  MA 

WOODWARD-CLYDE  CONSULTANTS  R  Cross,  Walnut  Creek,  CA 

BULLOCK,  IE  La  Canada 

F.  HEUZE  Alamo,  CA 

KETRON,  BOB  Ft  Worth,  TX 

KRUZIC,  T.P.  Silver  Spring,  MD 

MESSING.  D.W.  Voorhees,  NJ 

PETERSEN,  CAPT  N.W.  Camarillo,  CA 

SPIELVOGEL,  LARRY  Wyneote  PA 

T.W.  MERMEL  Washington,  DC 

ENERGY  RESOURCE  ASSOC  J.P.  Waltz,  Livermore,  CA 
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